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RESEARCH ACTIVITIES OF THE NATIONAL CANCER INSTITUTE 


By MICHAEL B. SHIMKIN, surgeon, National Cancer Institute, National Institute of Health, 
United States Public Health Service 


Public and professional interest in 
the cancer problem has gained steady 
momentum during the past 30 years. 
The efforts of the American Society for 
the Control of Cancer, supported by 
professional groups, crystallized the 
realization that the fight against cancer 
had become a national task. The move- 
ment was climaxed with the passage by 
the Seventy-fifth Congress of the Na- 
tional Cancer Institute Act, which was 
signed by the President on August 5, 
1937. The interest and support of many 
individuals, legislators and laymen as 
well as professional men, were instru- 
mental in achieving this goal; the high 
ideals which governed their actions are 
recorded in the hearings before a joint 
Congressional committee on cancer re- 
search (7). 

The activities of the National Cancer 
Institute during the subsequent 7 years, 
in compliance with the provisions of the 
law, fall under two general headings: 
(1) Research activities, which include 
the work at the National Cancer Insti- 
tute and cooperative research with 
other institutions; and (2) control ac- 
tivities, including radium loans, clinical 
traineeships, cooperation with State and 
other agencies, and lay education. The 
organization of the National Cancer In- 
stitute has been described by Voegtlin 
and Spencer (2), and the history of its 
administration has been recorded re- 
cently by Marshino (2). 

In the field of research activities, the 
backbone of the National Cancer Insti- 
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tute is the work of the scientists assem- 
bled at the laboratories of the Institute 
in Bethesda, Md. More than half of 
the Institute’s appropriation is spent on 
the research work conducted at these 
laboratories, and upon these achieve- 
ments to a great measure rests the eval- 
uation of the success of the undertaking. 
As a complement to the reports on the 
administrative matters, a progress re- 
port of the scientific work and achieve- 
ments of the staff is presented herein. 

From a historical standpoint, the rec- 
ord may be divided into two periods: 
scientific work on cancer done in the 
Public Health Service before the pas- 
sage of the National Cancer Institute 
Act, and research carried on after the 
passage of the act, particularly after the 
occupation of the central laboratories in 
October 1939. 


RESEARCH ACTIVITIES, 1922-37 


A résumé of cancer research work in 
the United States Public Health Service 
before 1937 is important not only as his- 
torical background but also as an indi- 
cation of the slow growth and sound de- 
velopment that are essential in an un- 
dertaking of the scope and size of the 
National Cancer Institute. 

Cancer research in the Division of 
Scientific Research of the United States 
Public Health Service was commenced 
in 1922. There were two parallel devel- 
opments. In August 1922 field investi- 
gations of cancer and other malignant 
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growths were started by Dr. J. W. 
Schereschewsky, at the Department of 
Preventive Medicine, Harvard Univer- 
sity Medical School (4, p. 6). Begun as 
a statistical study on cancer mortality in 
the United States, the work by the fol- 
lowing year expanded to encompass cul- 
tivation of tissues in vitro and other lab- 
oratory research problems (5, p. 12). 
Toward the end of 1922, at the Hygienic 
Laboratory, in Washington, the Divi- 
sion of Pharmacology under Dr. Carl 
Voegtlin also began to work on the ex- 
perimental production of malignant 
growth in rabbits by the repeated ap- 
plication of certain irritants to the skin 
(4, p. G2). The work here also ex- 
panded, and the study of oxidation-re- 
dluction processes and other aspects of 
neoplastic growth was on the way dur- 
ing the following year (5, p. 62). 

During the period 1923-28 there was 
a steady but slow growth of the research 
activities. Dr. Schereschewsky pub- 
lished his classic statistical analyses on 
cancer mortality, and the studies on the 
physiologic effects of very high fre- 
quency currents. Dr. Voegtlin and his 
group carried on work on the content of 
glutathione and the reducing power in 
normal and tumor tissue, the electrical 
potential in living cells, and the effect of 
lead and other chemicals upon animals 
with tumors. The interest aroused by 
the work led to a conference, called by 
the Surgeon General, to outline a pro- 
gram of cancer research for the Pub- 
lic Health Service. The committee, 
consisting of Doctors Francis C. Wood, 
W. D. Howell, Warren H. Lewis, James 
B. Murphy, and Joseph W. Scheres- 
chewsky, met on April 9, 1928, and rec- 
ommended— 
systematic investigations in the following 
fields: (1) cellular biophysics and biochem- 
istry, (2) investigations of the effects on 
living cells of the spectrum of radiant en- 
ergy, (3) investigations of occupational 
eancer, (4) cooperation in statistical research 
on eancer with the Bureau of the Census (6, 
p. 28). 

The work of the Division of Pharma- 
cology, during the following 9 years 
accentuated the study of oxidative 
processes in tumor tissue, the biochem- 


ical constituents of tumors, tissue cul- 
ture of tumor cells, the chemistry of 
cell division, and the chemotherapy of 
tumors. The main contributors to these 
studies were: Dr. James W. Johnson, 
chemist; Dr. Mary E. Maver, biochem- 
ist; Dr. Herbert Kahler, physicist; Dr. 
John W. Thompson, pharmacologist; 
Dr. Wilton R. Earle, cytologist, and 
Dr. Harold W. Chalkley, physiologist 
On the basis of studies on protein me- 
tabolism of normal and of tumor tis- 
sue, investigations were carried out on 
the effect on tumor growth of diets de- 
ficient in certain protein constituents. 
This led to the observation that such 
diets retard the growth of mammary 
-arcinoma in mice. 

The Office of Cancer Investigations 
at the Harvard Medical School, under 
Dr. Schereschewsky, was expanded in 
1930-31 by the addition to its staff of 
Dr. Howard B. Andervont, biologist; 
Dr. Egon Lorenz, biophysicist; and 
Dr. Murray J. Shear, biochemist. The 
problems particularly studied during 
the ensuing 7 years included the biologic 
effects of radiation, the biochemistry of 
cancer cells, and resistance and in- 
munity to neoplastic growth. Colonies 
of inbred mice were obtained and de- 
veloped. Some of the work involved 
the collaboration of the scientists of 
Harvard University; particularly 
fruitful was the association with Prof. 
Louis F. Fieser, which led to a sys- 
tematic survey of the carcinogenic ac- 
tivity of polycyclic aromatic hydrocar- 
bons. The induction of subcutaneous, 
pulmonary, and other tumors with these 
agents, as well as the influence of the 
physical state of the chemicals upon 
‘arcinogenesis Was investigated. 

Thus, by 1937 the Public Health 
Service had two groups of investiga- 
tors working on problems in cancer. 
The 10 scientists, trained in a number of 
basic disciplines, had had 5 to 15 years 
experience in cancer research, and the 
results of their work had been recorded 
in about 100 papers published in the 
Public Health Reports, American Jour- 
nal of Cancer, and other scientific pe- 
riodicals. 
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NATIONAL CANCER INSTITUTE RESEARCH ACTIVITIES 


In February 1937 the National Insti- 
tute of Health was merged with the Di- 
vision of Scientific Research, with Dr. 
Lewis R. Thompson as_ director. 
When Dr. Schereschewsky retired, the 
Office of Cancer Investigations was 
placed under the Division of Pharima- 
cology. In August 1937 the National 
Cancer Institute Act became a law, and 
in January 1938 Surgeon General 
Thomas Parran appointed Dr. Carl 
Voegtlin the first Chief of the National 
Cancer Institute. 


ORGANIZATION OF RESEARCH AT THE 
NATIONAL CANCER INSTITUTE 


The first tasks of the administration 
of the National Cancer Institute as 
they related to research activities were 
to formulate the general plan of re- 
search, to gather a staff of investiga- 
tors, and to establish the necessary fa- 
cilities for the conduct of the work. 

In the formulation of the research 
program, the Chief of the Institute 
was aided by a committee appointed 
by the Surgeon General to outline the 
fundamental aspects of the cancer prob- 
lem and to suggest various lines of 
work that merited investigation. The 
committee, consisting of Dr. James B. 
Murphy, Dr. Stanhope Bayne-Jones, 
Dr. Ross G. Harrison, Dr. Clarence C. 
Little and Dr. John Northrop, pre- 
pared a report (7) that served as a 
guide in planning the research work 
of the Institute. 

Construction of the National Cancer 
Institute building was started as part 
of the new National Institute of Health, 
on the tract of land in Bethesda, Md., 
contributed to the Government by Mrs. 
Luke Wilson. The building was com- 
pleted late in 1939. This modern re- 
search center with approximately 17,- 
500 square feet of floor space is di- 
vided into about 120 rooms on 4 main 

oors, an attic, and a subbasement. 
Each laboratory is fully equipped for 
scientific work. In the basement are 
facilities for work in physics and re- 
lated subjects which include an X-ray 
laboratory and an ultraviolet labora- 
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tory. The larger physics apparatus, 
such as the ultracentrifuge, ultraviolet 
spectrographs, ete., are located in the 
subbasement. Half of the first floor 
is occupied by the administrative and 
secretarial force, conference and read- 
ing rooms. and epidemiology records, 
while half is devoted to biologic lab- 
oratories. On the second floor are 
laboratories conducting biochemical, 
chemical, and nutritional research, with 
special rooms for refrigeration, bal- 
ances, ete. The third floor houses the 
pathology and cytology laboratories, 
including a tissue-section room, tissue- 
culture laboratories with sterile trans- 
fer rooms, and a constant-temperature 
room for in vivo cytologic studies. The 
attic is divided into space for storage 
and for animals. 

Approximately one-fourth of the lab- 
oratory space on all floors is occupied 
by animals. With the full occupancy 
of the building, there were about 30.- 
000 animals, mostly mice of inbred 
strains, but also including guinea pigs, 
rats, rabbits, chickens, and dogs. 

Basic reference books and _ periodi- 
cals, numbering some 4,000, are sup- 
ylemented by the central library of the 
National Institute of Health, which 
contains more than 42,000 volumes. In 
order to facilitate publication and dis- 
tribution of the scientific reports of the 
Institute, a bimonthly periodical, the 
Journal of the National Cancer Insti- 
tute, was started in August 1940. 

In the development of the staff, the 
10 investigators at Washington and at 
Boston were augmented by some 20 re- 
search fellows during 1938-39. They 
were assigned to work at various inst1- 
tutions until it was feasible to move 
them to the completed Institute. A 
few were assigned to the Office of Can- 
cer Investigations at Harvard. The re- 
search program was expanded to the 
extent that the existing facilities al- 
lowed. Most of these research fellows 
subsequently became permanent mem- 
bers of the staff. 

The research fellows were selected on 
the basis of their training in the basic 
specialties rather than for their par- 
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ticular ‘acquaintance with cancer re- 
search. It was realized that the scope 
of the cancer problem required a co- 
ordinated group effort in which many 
basic sciences were represented. The 
Chief insisted, and his views have been 
adequately supported by the develop- 
ments, that there be no division of the 
staff into departments of pathology, 
biochemistry, and the like, but that the 
organization be a fluid one, based more 
upon the nature of the individual prob- 
lems and a group attack upon such 
problems. 

In October 1939 the cancer research 
workers of the Division of Pharma- 
cology at Washington, and the Office of 
Cancer Investigations at Harvard, then 
under Dr. Floyd C. Turner, were trans- 
ferred to the National Cancer Institute 
at Bethesda. The staff was gradually 
expanded by the transfer of additional 
research fellows working at other insti- 
tutions. The following year, therefore, 
was occupied chiefly in further organi- 
zation, although cancer research con- 
tinued uninterruptedly along previous- 
ly determined lines. 

By July 1, 1940, the Institute had a 
staff of over 100 persons working in the 
laboratories at Bethesda, of whom 40 
were trained scientific investigators. 
The group included 9 physicians, biolo- 
gists, or physiologists, 13 chemists or 
biochemists, 8 physicists or biophysi- 
cists, 4 pathologists, 2 cytologists, and 
1 geneticist. 

The organization and direction of re- 
search work at the National Cancer In- 
stitute was the work of Dr. Voegtlin. 
His achievements in biochemistry and 
pharmacology, his breadth of knowl- 
edge, and his liberal spirit were greatly 
instrumental in establishing the large 
undertaking. In the space of 5 years, 
despite serious interruption by the war, 
he made an excellent start in the many 
activities of the Institute, and in July 
1943 he was able to turn over to his suc- 
cessor, Dr. R. R. Spencer, an organiza- 
tion in which the Nation can take justi- 
fiable pride. 


RESEARCH ACTIVITIES, 1938-4 


On the basis of previous work in can- 
cer research by the two groups of inves- 
tigators in the Public Health Service, 
and with the report of the committee 
on fundamental cancer research as a 
guide to further studies, a program was 
started, encompassing many fields and 
attacking the problem from many van- 
tage points. The research studies may 
be divided into six general categories: 
(1) The experimental production of 
neoplasms; (2) carcinogenic agents and 
factors modifying their action; (3) 
cellular physiology; (4) the character- 
istics of neoplastic tissue and of animals 
with tumors; (5) the experimental 
treatment of neoplasms; and (6) epi- 
demiologic studies, statistical and ex- 
perimental, 

It is recognized that the cancer prob- 
lem is complex and that a long-term 
view is essential in the conduct of the 
work. Six years is a short space of 
time, and for certain studies is sufficient 
only as an introduction. As in all scien- 
tific work, results that are crucial and 
stand out historically are based on much 
previous work contributing directly or 
indirectly to the specific problem. 
‘There is no reason to believe that the 
history of cancer research will be dif- 
ferent. 

The National Cancer Institute has 
contributed to this acquisition of knowl- 
edge in cancer. No single discovery 
has been made that has “solved” the 
cause or the cure of cancer. It is more 
than likely that no such discovery will 
be made if cancer is considered as a 
single entity. Different types of tumors 
differ in their cause, development, and 
behavior and require different ap- 
proaches in research. The knowledge 
added by the members of the staff of 
the Institute toward an understanding 
of malignant growths is recorded im 
over 300 communications, of which ap- 
proximately 240 have been published in 
the first 4 volumes of the Journal of the 
National Cancer Institute. A short 
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résumé of these activities follows. No 
claims for priority are implied for these 
results. Many of the problems inves- 
tigated at the Institute were and are 
being pursued, perhaps from somewhat 
different viewpoints, by other institu- 
tions. The National Cancer Institute 
is but a small part of the total effort of 
many men and women throughout the 
world who are working on this problem 
and who, in turn, conduct their investi- 
gations along lines suggested by the ad- 
vances in the basic sciences. It is the 
policy of the Institute to cooperate with 
and to promote cancer research work 
throughout the country. 

EXPERIMENTAL 


PRODUCTION OF TUMORS 


Inbred strains of mice, developed for 


the past 30 or more years by Little, 
Strong, and other geneticists, have 


placed in the hands of the cancer inves- 
tigator a tool of inestimable value. In- 
bred mice are now as essential to bio- 
logic work as are pure chemicals to the 
chemist. The use of inbred mice has al- 
lowed the observation of large numbers 
of genetically identical animals whic’: 
develop almost every type of neoplasm 
that is also encountered in man. Such 
tumors can be transplanted with uni- 
form success in animals of the same 
strain. The discovery of pure chemi- 
cals that possess the property of elicit- 
ing tumors has added an additional = 
which makes it possible, practically a 
will, to evoke neoplastic growth in ba 
organ and any type of tissue of these 
animals. The inbred mouse and the 
chemical carcinogens thus make avail- 
able almost inexhaustible material for 
the study of the development and 
growth of tumors, of the factors that 
modify such reactions, and of the bio- 
chemical constituents and other proper- 
ties of tumor tissue. 

During the past 6 years, the following 
interesting tumors been observed 


1 Research work done under grants-in-aid is not 
covered as it is listed by Marshino (3). 


to occur spontaneously in mice: fibro- 
sarcoma and rhabdomyosarcoma, osteo- 
genic sarcoma, adrenal cortical tumor, 
hemangio- endothelioma, and the ade- 
nomatous lesion of the stomach of strain 
Imice. The cells and other characteris- 
tics of these tumors were investigated, 
and transplanted growths served as ma- 
terial for biochemical investigations. 
At the same time, the colonies of mice 
were observed for the incidence of the 
more common tumors, such as mam- 
mary carcinoma, adenomatous pulmo- 
nary tumor, and hepatoma. 

With various carcinogenic com- 
pounds, the following tumors were in- 
duced and studied in the mouse: in- 
testinal and gastric squamous-cell car- 
cinoma, adenocarcinoma of the stom- 
ach, several types of brain tumors, in- 
terstitial-cell tumors of the testis, he- 
mangio-endothelioma, carcinoma of 
the skin and the eye, subcutaneous sar- 
coma, sarcoma of spleen and liver, and 
hepatoma. Sarcomas and _liposar- 
comas were obtained in the guinea pig. 
Special detailed studies were made of 
the cytology and the histogenesis of 
the pulmonary tumors in mice and of 
the hepatomas of mice and of rats. It 
was shown that the mitochondria and 
the Golgi apparatus were altered char- 
acteristically in the hepatomas of mice, 
as compared with the hepatic cell of 
origin, and that the appearance was 
different in spontaneous hepatomas 
when compared with hepatomas in- 
duced by azo dyes or carbon tetrachlo- 
ride. 

The recent application of the trans- 
parent-chamber technique to the meuse 
permits the microscopic examination 
of viable transplanted tumors and 
some spontaneous tumors. The possi- 
bility of studying the effect of neo- 
plastic tissue on the vascular bed and 
other stromata, as well as other ob- 
servations, opens up a whole new field 
in the morphologic-physiologic study 
of tumors and their interaction with 
the host. 
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CARCINOGENIC AGENTS 

The carcinogenic activity of 1.2,5,6- 
dibenzanthracene, demonstrated — by 
Kennaway and his group in 1930, led to 
a wide investigation of polycyclic aro- 
matic hydrocarbons and related com- 
pounds for their property of inducing 
malignant growth. A review in 1941 
reported that of 696 chemicals exam- 
ined, 169 were stated to be carcino- 
genic, and that such compounds were 
found in a great variety of chemical 
Moreover, the carcinogenic 
reaction was influenced by so many 
factors that only a relative definition 
was feasible of the property, limited 
to the specific species of animal, site 
and method of administration, and 
other factors. The search for a corre- 
lation between molecular architecture 
and the property of carcinogenesis. al- 
though far from exhausted. was re- 
placed by a greater emphasis on the 
study of a few of the agents and the 
factors modifying the reaction. 

Fractions of creosote oil were exam- 
ined for the presence of materials that 
enhanced the carcinogenic action of 
3.4-benzyprene. The effect of varying 
the physical state of the hydrocarbons. 
through the use of serum dispersions. 
charcoal-adsorbed hydrocarbons, hy- 
drocarbon-cholesterol pellets, and solu- 
tions in different oily media, was in- 
vestigated. It was shown that mainte- 
nance of local concentration produced 
more tumors at the site of injection, 
whereas increased dispersibility in- 
creased the number of pulmonary tu- 
mors. As far as tumors of the skin 
and of the lung in mice were con- 
cerned, it was indicated that the neo- 
plastic reaction was local and was not 
dependent upon constitutional altera- 
tions in the animal. The realization 
that many of the factors involved in 
carcinogenesis could be clarified only 
by the application of quantitative 
techniques and that much of the con- 
tradictory evidence in the literature 
was based on the use of excessive doses 
that swamped the effects, led to the 
determination of the dose-response re- 
lationships of three hydrocarbons. 


classes, 


The possible importance of sunlight 
in the causation of skin carcinoma led 
to an extensive investigation of the car- 
cinogenic effects of ultraviolet radiation, 
The effective wavelength was found to 
be below 3200 A. The production of 
tumors depends upon the quantity of 
radiant energy applied rather than 
upon its intensity; a quantitative rela- 
tionship was, therefore, established be- 
tween the quantity of radiation and the 
neoplastic reaction. The thin skin of 
the mouse, which allows increased pene- 
tration of the radiation, explains the 
great number of sarcomas that occur in 
the animals. The growth of grossly de- 
tectable tumors induced by ultraviolet 
radiation or by the hydrocarbons 
showed no definite correlation to the 
carcinogenic agent. The effect of 
X-rays on mice and other animals was 
studied: leukemia developed in some of 
the mice receiving 15 and 20 r daily. 

The induction of liver tumors in mice 
with azo dyes showed that, as with the 
hydrocarbons, there were marked differ- 
ences in susceptibility of different in- 
bred strains. Hemangio-endotheliomas 
of the subeutaneous tissue, the mesen- 
tery, and the lungs, as well as hepa- 
tomas, were induced with o-aminoazo- 
toluene. It was found that the usual 
(lose used in experiments with these 
agents far exceeds the effective carcino- 
genic dose and obliterates many inter- 
esting differences that may contribute to 
the clarification of the mode of action of 
this group of compounds. 

Carbon tetrachloride and chloroform 
were found to produce hepatomas in 
mice following long-continued oral ad- 
ministration. Of interest is the possi- 
bility that the neoplastic reaction may 
be due to cyclic damage-repair effects 
upon the liver cells, with resultant cellu- 
lar activity. Recently it has been ob- 
served that one anesthetizing dose of 
ethyl carbamate (urethane) markedly 
increases the incidence of pulmonary 
tumors in mice. 

Extensive work on the effect and the 
nature of the agent transmitted through 
the milk of high-mammary-tumor 
strains of mice, which is responsible for 
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the occurrence of mammary cancers in 
the progeny, showed that it definitely in- 
creased the incidence of mammary tu- 
mors in low-mammary-tumor mice, and 
that in strain C animals it could be 
transmitted through many subsequent 
generations without apparent dilution. 
Techniques suitable for quantitative 
work with the agent were determined. 
The agent can be extracted from milk 
and from mammary tumors by frac- 
tional ultracentrifugation; it passes 
through Berkefeld filters but not 
through collodion membranes, is de- 
stroved at 65° C., and by chemical tests 
and ultraviolet spectrography appears 
to be a nucleoprotein complex. —Al- 
though proof has not been established, 
the work so far suggests that the agent 
is related to the group of disease-caus- 
ing agents known as viruses. 

Of the factors that influence carcino- 
genesis, particular emphasis is placed 
on the study of the genetic influence, the 
role of hormones, and the effect of die- 
tary constituents. 


Genetics 


There is adequate proof that genetic 
background influences susceptibility to 
neoplastic reactions. At the same time, 
no evidence has been found of single- 
gene control of the tendency to develop 
cancer or any specific type of neoplasm. 
Studies on induced subcutaneous and 
pulmonary tumors and on spontaneous 
mammary tumors in mice indicate that 
susceptibility is inherited on a multiple- 
genetic-factor basis, and that at least 
modifying factors are involved. Mam- 
mary-cancer susceptibility, in contra- 
distinction to the inciting factor trans- 
mitted through the milk of the mother, 
is, therefore, influenced by the paternal 
as well as the maternal parent. 

A thorough study of the inheritance 
of susceptibility to induced pulmonary 
tumors in mice shows that this suscepti- 
bility is expressed in degree which can 
be measured quantitatively. The ge- 
netic factors influencing susceptibility 
are multiple and are associated with at 
least four known genes: flexed tail, 
lethal yellow, and the linked genes, 


shaker-2 and waved-2. Multiple-factor 
inheritance is also involved in the gen- 
esis of spontaneous pulmonary tumors. 


Hormones 


Tumors of the breast do not develop in 
a mouse unless the animal has the pre- 
requisite genetic susceptibility, the 
agent transmitted through the mother’s 
milk, and the development of the mam- 
mary tree to the necessary stage under 
the influence of hormones. Tumors of 
the breast do not develop in male mice 
injected with estrogens unless the mice 
also have the milk factor; thus the es- 
trogens prepare a suitable soil for the 
action of the latter agent. On the other 
hand, other tumors following long-con- 
tinued estrogen administration, such as 
interstitial-cell tumors of the testis or 
leukemia, do not require the presence of 
the milk factor. Hormone-cholesterol 
pellets facilitate the experimental work 
with estrogens and other hormones. 
Desoxycorticosterone was shown not to 
exert an effect on the appearance of 
mammary or pulmonary tumors in 
mice. 

With appropriately small doses which 
do not mask minor effects, it has been 
shown that 3,4-benzpyrene produces 
subeutaneous tumors in a higher inci- 
dence in male than in female mice. Fe- 
male mice, however, are more suscepti- 
ble than males to hepatic neoplastic re- 
action following injections of 3,4,5,6- 
dibenzearbazole, and castration of the 
males increases their susceptibility to 
the agent. 

Diet 

The growth of normal young rats 
and mice was inhibited if large amounts 
of carcinogenic hydrocarbons or some 
of the azo dyes were incorporated into 
diets with relatively low levels of sul- 
fur-containing amino acids. Growth 
was resumed if cystine or methionine 
was added to the diet. Sulfur-contain- 
ing amino acids are thus involved in 
the detoxification and elimination of 
these carcinogens, although the action 
is not associated with the carcinogenic 
property but is found also with related 
nonearcinogenic compounds. These 
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studies led to the investigation of low 
cystine diets in carcinogenesis. The in- 
cidence of leukemia in mice painted 
with methylcholanthrene could be 
markedly reduced by maintaining the 
animals at a cystine-ingestion level that 
also prevented growth of the body. 
Rats maintained on low cystine diet and 
fed p-aminodimethylaniline developed 
hepatomas later and in reduced inci- 
dence. Mice on low cystine diets also 
failed to develop mammary tumors, but 
the failure was probably due to the in- 
hibition of estrogen secretion, for mam- 
mary tumors developed in mice on a low 
cystine diet when diethylstilbestrol pel- 
lets were implanted to supply the estro- 
gen. It might be expected that with the 
removal of these carcinogens by means 
of disulfide linkage the high cystine diets 
would reduce carcinogenesis by facili- 
tating the detoxification process. At 
present the studies indicate, rather, that 
the carcinogens are ineffective unless 
acting on growing tissue or tissue pos- 
sessing the necessary nutritional and 
other factors essential for growth; if 
growth is prevented by the withdrawal 
of any one of the essential factors, or 
by the reduction of the total caloric 
intake, tumors do not develop. 

Studies on the effect of vitamins on 
tumor growth showed that a deficiency 
in pantothenic acid or in riboflavin re- 
duced the rate of growth of mammary 
tumors in mice. The retardation of tu- 
mor growth, however, was at levels 
which seriously interfered with the 
host’s nutrition, and there was no ac- 
celeration of tumor growth if these vita- 
mins were supplemented beyond the 
usual requirements. As in carcinogene- 
sis, the growth of tumors is dependent 
upon the nutritional status of the host, 
and so far no specific dietary deficiency 
has been found which will selectively 
restrict the growth of tumors without 
affecting the host as well. 

It was found that avidin excess in the 
diet protected rats against the develop- 
ment of hepatomas with p-dimethyl- 
aminoazobenzene, and that biotin stim- 
ulated the neoplastic reaction. In this 
connection substances related to biotin 


were discovered which differ from the 
vitamin in certain properties such as 
heat lability or avidin incombinability. 

There was no substantiation of the 
claim that overheated fats when fed to 
rats produced gastric tumors. 


CELLULAR PHYSIOLOGY 


The study of the physiology of the 
cell has been acknowledged for many 
years as an excellent approach to the 
fundamental processes of cancer. The 
work at the National Cancer Institute 
has taken up three main problems: (1) 
The study of the biochemical factors 
involved in cell division and other phys- 
iologic processes of Amocba proteus: 
(2) the effect of carcinogens on mam- 
malian cells grown in tissue culture; 
and (3) the effect of carcinogens and 
other agents on unicellular organisms. 

Perhaps the most important results 
have been achieved in the study of tis- 
sue cultures of mouse fibroblasts ex- 
posed to methylcholanthrene. The ex- 
periment was started in 1936 and sub- 
sequently was repeated and extended. 
It was noted that following the addi- 
tion of the carcinogen to the nutrient 
fluid, the most significant alteration in 
the tissue clumps was the tendency of 
cells to adhere to each other, forming 
epitheliallike sheets. This alteration 
in cell surface was apparently perma- 
nent, for it remained unchanged long 
after the withdrawal of methylcholan- 
threne and transfer of the tissue into 
new nutrient media for as many as a 
hundred times. In the second series. the 
altered tissue clumps produced sarco- 
mas at the site of implantation into 
mice, and the tumors were carried on 
by successive transplantation. The role 
of the carcinogen is in question, since its 
main effect upon increasing the time of 
exposure was to depress the growth of 
the cultures and to produce greater 
morphologic alterations, but  subse- 
quently to produce fewer sarcomas than 
cultures which had contact with the car- 
cinogen for only 6 days. In fact, the 
highest percentage of tumors was ob- 
tained from control cultures that had 
been grown on heterologous media and 
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had had no known contact with methyl- 
cholanthrene, although trace contami- 
nation could not be ruled out. On the 
other hand, tumors that arose from cul- 
tures that had been exposed to methyl- 
cholanthrene for 111 days showed more 
mitoses, metastases, and local invasive- 
ness. 

In these experiments, one type of 
mammalian cell was converted into neo- 
plastic cells in vitro, entirely removed 
from the systemic reactions of the orig- 
inal host, and in an entirely heterologous 
culture medium. Strong evidence was 
obtained that the earliest morphologic 
changes associated with this alteration 
involve the surface of the cell rather 
than the nucleus. It is significant that 
there were no sudden morphologic or 
biologic alterations during the course 
of the experiments, but that the mor- 
phologic changes were cumulative with 
the dose of the carcinogen. This line 
of investigation has not only added to 
the knowledge of the neoplastic process 
but has opened a new field of cancer 
research. 

The results of experiments on the 
exposure of free-living, single-cell or- 
ganisms, such as bacteria, to heat, car- 
cinogens, and radium were of interest 
not only as contributions to bacteriology 
but also possibly as indirect evidence 
in clarifying the process of malignant 
transformation. Continuous exposure 
of a species to a harsh or unfavorable 
environment may not be fatal to indi- 
vidual organisms, but in time the species 
will perish: by discontinuous exposure 
to such environment, a species can suc- 
cessfully adapt, sometimes with the ac- 
quisition of a permanent change in 
structure and function. The work on 
the radiation effects on sea-urchin 
gametes directed attention to the pos- 
sibility that isolated single events that 
affect certain entities in cells to a large 
measure control the destiny of the cells. 
Abnormal tissue growth in frogs was 
induced by exposure of sperm to single 
short treatments with X-rays, substan- 
tiating the fact that radically changed 
patterns of multicellular growth may 
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be set in motion by the sudden modifi- 
cation of nuclear substance in a single 


cell. 
CHEMICAL CONSTITUENTS OF TUMORS 


Extension of the work based on War- 
burg’s concepts led to the belief that 
malignant tumors may be characterized 
by their metabolism, by the considera- 
tion of the absolute and relative magni- 
tudes of anaerobic glycolysis, of the res- 
yiratory quotient, respiration and aero- 
bic glycolysis, and quotients derived 
from these figures. 

The metabolism of tumors and other 
living tissues is governed by diverse and 
intricate systems of enzymes. A me- 
thodical investigation of many of the 
known enzyme systems of various tu- 
mors was made, and the results were 
compared with values obtained with 
normal tissues of origin. In compari- 
son with normal tissues of origin, the 
content of various enzymes may de- 
crease, increase, or show no alteration. 
Thus, each tumor type has its own char- 
acteristic mosaic of enzymes. However, 
the range of enzymatic activity is much 
smaller among tumors than among nor- 
mal tissues, probably because of the 
decrease of specific function in the tu- 
mor. This investigation recently has 
been extended to include human mate- 
rial, with similar results. 

Other constituents of tumors were 
also investigated. d(-)Glutamic acid 
was found to be present in normal as 
well as tumor tissues. Nucleoproteins 
in hepatomas were not altered, as com- 
pared with those of normal and regen- 
erating livers. Riboflavin was found to 
be low in hepatomas and in fetal livers, 
as compared with regenerating or nor- 
mal liver. Cathepsins from normal rat 
livers hydrolyzed the glycine peptide 
bond at twice the rate found with cath- 
epsins from hepatoma, Further work 
led to the belief that cathepsins from 
normal rat livers differ somewhat from 
cathepsins of transplanted rat hepa- 
toma and Jensen sarcoma. 

The growth of several types of tu- 
mors produced a marked decrease in the 
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catalase of the liver; the decrease was 
reversible when the tumor was removed 
or regressed. This systemic effect of 
tumors may be connected with the syn- 
thesis of prosthetic hematoporphyrin 
groups and may be associated with the 
progressive anemia that is often seen in 
malignant disease. 

The blood proteose was found to be 
higher in rats with tumors but was also 
increased in infections, injury, and preg- 
nancy. Progressive growth of tumors 
also produce ed a decrease in the lipoids 
of the adrenal cortex. 


EXPERIMENTAL TREATMENT OF CANCER 


The experience of every physician, 
substantiated by the annual toll of 
160,000 lives in the United States, shows 
only too clearly that even under the best 
conditions of early recognition and 
treatment the present methods of cancer 
therapy have most unsatisfactory limits. 
It is, of course, this realization and the 
need for improvements that have led to 
interest in cancer research, for only 
through research can new forms of ther- 
apy be discovered. Unfortunately, our 
knowledge of the basic factors involved 
in carcinogenesis and the growth of tu- 
mors has not reached the necessary stage 
of development to allow work primarily 
directed toward therapy. Nevertheless, 
several lines of direct approach have 
been tried. 

On an empirical basis, 977 substances 
and mixtures of substances were as- 

sayed for therapeutic efficacy in 18,395 
mice bearing transplanted or sponta- 
neous neoplasms. No effective agent was 
discovered. 

Previous studies on bacterial products 
that produce hemorrhage and necrosis 
in certain transplanted tumors in mice 
led to further investigations of this ma- 
terial. A simple synthetic medium was 
found adequate for the cultivation of 
Bacillus prodigiosus, and purified mate- 
rial obtained from the cultures pro- 
duced hemorrhage in sarcoma 37 in 
doses of 0.1 microgram. The active ma- 
terial was isolated and purified and was 
shown to be a polysaccharide. This 
powerful biologic material, which prob- 


ably exerts its primary effect on the 
blood vessels, is being tested clinically. 

It was substantiated that colchicine 
also evokes hemorrhages in trans- 
planted sarcomas and supplements the 
action of the bacterial filtrate material. 
Work on compounds related to colchi- 
cine has been started, particularly since 
the chemical has interesting effects on 
cellular division. 

A review of tumor immunity showed 
that the quest for a method of cancer 
therapy by means of our present immu- 
nologic methods does not seem very 
promising at the present time. It was 
found, however, that anaphylaxis will 
produce hemorrhage in transplanted 
sarcoma of mice. 

The recent work on the beneficial re- 
sults of castration and estrogenation in 
prostatic carcinoma in man led to a 
trial of subcutaneously implanted pel- 
lets of diethylstilbestrol for this con- 
dition. 

EPIDEMIOLOGY 

In cooperat ion with several large hos- 
pitals, information is being gathered 
and studied concerning the precancer- 
ous histories of patients with various 
types of malignant disease. Data on 
almost 10,000 cases are now accumu- 
lated. The project is obviously a long- 
term one, although valuable prelimi- 
nary information regarding environ- 
mental and intrinsic factors affecting 
certain types of neoplastic disease is 
already forthcoming. Patients with 
cancer of the breast and of the cervix 
show a familial incidence more than 
one and a half times normal. This does 
not necessarily imply the presence of 
hereditary factors in the genesis of the 
diseases. An accumulating body of evi- 
dence shows that cancers of different 
forms and sites comprise different epi- 
demiologic entities which probably fol- 
low patterns more or less characteris- 
tic for each separate group. 

In cooperation with the Division of 
Public Health Methods of the National 
Institute of Health, a number of stud- 
ies Were issued on cancer mortality in 
the United States. A difference was 
noted in mortality at specific ages for 
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specific sites in the different geographic 
sections, which consisted in a greater 
variability of section rates at 45-64 
than at older ages. The most frequent 
sites for different age groups were 
found to be: under 5 years old, kid- 
ney ; 5-14, bones and brain ; 26-64, uter- 
us and breast among women; for men 
35 and upward and for women 65 and 
upward, stomach. 

The higher incidence of skin carci- 
noma in the South, and the knowledge 
that ultraviolet radiation produced tu- 
mors in mice and rats led to the study 
of the action of the effective rays on 
mice, 

The increase in pulmonary cancer 
stimulated the study of environmental 
factors as possible carcinogenic agents. 
Extracts of atmospheric dusts from sev- 
eral sites induced subcutaneous sarco- 
mas in a small percentage of animals 
injected with the material. Mice were 
exposed to tobacco smoke for up to 250 
days without increasing the incidence 
of pulmonary tumors, and tobacco tar 
has not produced tumors at the site of 
injection. 

Protection of workers against the ac- 
tion of roentgen radiation was a spe- 
cial study and was stimulated by a re- 
port suggesting that the incidence of 
leukemias is higher among physicians 
than in the general population. Such 
radiation is known to produce leukemias 
in mice, 

Statistical studies on the end results 
of cancer therapy were carried out. An 
analysis of 3.100 cases of mammary can- 
cer indicated that survival rates are pri- 
marily dependent upon the stage of the 
disease at Which it is discovered and 
adequately treated. Survival rates were 
improved if postsurgical irradiation in 
doses above 2,000 r was given in stage 


III of the disease. 
THE WAR AND THE FUTURE 


The organization of the National Can- 
cer Institute was barely completed when 
the national efforts were thrown from 
internal development to external self- 
preservation. Despite the urgent and 
immediate need, however, the responsi- 


ble heads of the war effort called for the 
continuation of the work at the Insti- 
tute. An interruption of the cancer 
research program woul’ have been a 
serious loss, especially since many other 
institutions conducting such work al- 
ready have been drastically curtailed. 

However, the Institute, soon after the 
introduction of the selective-service law 
began to lose members of its staff, and 
the number of subprofessional workers 
was depleted. With the onset of the 
war, almost one-third of the profes- 
sional staff joined the Army or Navy or 
took civilian research posts in connec- 
tion with the armed forces. The 
vacancies were partially refilled by re- 
placements; of the nine professional 
workers, six were women; older, retired 
men and women were hired to carry on 
the tasks of the essential helpers. Difti- 
culties were encountered in obtaining 
the needed animals and technical equip- 
ment. And, of course, the psychologic 
reaction to the war made it difficult for 
many of the younger members to con- 
tinue cancer research work with their 
previous enthusiasm. 

Three research projects related to war 
problems were commenced and research 
teams organized among the staff. One 
of these problems, of a confidential 
nature, is progressing satisfactorily, 
whereas two were discontinued because 
of overlap with similar programs being 
conducted elsewhere. These problems 
were undertaken with special reference 
to the training of the staff and were of 
such nature that they contributed also 
to certain aspects of cancer research. 

One of the last achievements of Dr. 
Voegtlin was to bring the Institute 
through this difficult period and to cre- 
ate a stabilized situation that assured 
the uninterrupted continuation of the 
essential work. 

Until the war is terminated and the 
necessary postwar adjustments are 
made, development and expansion of 
the work and the aims of the Institute 
are difficult to consider; the main task 
is not to lose ground. But this does not 
preclude thought and planning for the 
postwar period, and in this connection 
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a committee on postwar plans for the 
National Institute of Health has been 
organized, 

There are several needs, the fulfill- 
ment of which would greatly encourage 
and complement the work of the Na- 
tional Cancer Institute. Foremost of 
these is an animal house where adequate 
numbers of animals can be raised for 
all the requirements of the workers. 
Secondly, clinical facilities would add 
greatly to the work already being car- 
ried on, as well as widen the horizon 
for future work. Whether such clini- 
cal facilities, at present inadequately 
met by the 100-bed Tumor Clinic in 
Baltimore, can best be developed by an 
actual construction of a hospital near 
the Institute, or by assigning teams of 
research workers to established clini- 
cal centers, or both, is a subject that 
requires much thought and the consid- 
eration of many factors. Considerable 
expansion of all activities as soon as 
the war is over appears to be indicated. 

In the line of research, cancer re- 
search must advance on two broad 
fronts: (1) The study of carcinogene- 
sis, Which may eventually lead to the 
prevention of neoplastic diseases; and 
(2) the study of tumor growth, which 
is the basis for therapy. It may be de- 
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sirable, at this stage of the problem, to 
orient such studies more along the lines 
of specific neoplastic diseases rather 
than along the lines of scientific disci- 
plines. More and more evidence is ac- 
cumulating that cancer is a group of 
diseases rather than a single disease, and 
that even the end results, obvious tu- 
mors, have marked biologic and _bio- 
chemical differences. Cancer research 
in many aspects has not reached the 
stage of development prerequisite for 
synthesis of information, and the pres- 
ent goal may better be the thorough 
analysis of the apparently divergent 
types of diseases grouped under cancer. 
This type of approach requires an ac- 
centuated group effort in which many 
scientific disciplines are strongly repre- 
sented, and in which the competent 
cancer research workers have an ade- 
quately compensated and assured status. 
The most important elements neces- 
sary for continued progress, however, 
are conscientious scientific effort and 
patience, slow and exasperating though 
the work occasionally may seem. And 
this is possible only through the con- 
tinued support of the National Cancer 
Institute and its related activities by 
legislators and other authorities. 
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RELATIONSHIPS BETWEEN SPONTANEOUS TUMORS OF THE 
LUNG AND CUTANEOUS TUMORS INDUCED WITH ULTRAVIO- 
LET RADIATION IN STRAIN A MICE 


By Harotp F. Bium, formerly senior pharmacologist," * National Cancer Institute, National 
Institute of Health, United States Public Health Service 


In the course of a long series of ex- 
periments by the writer and his collabo- 
rators on the induction of cutaneous tu- 
mors in strain A mice with ultraviolet 
radiation, questions often arose regard- 
ing the effect of the experimental treat- 
ment on the development of the spon- 
taneous pulmonary tumors to which 
these animals are susceptible. Can a 
carcinogenic agent, the primary action 
of which is limited to a superficial layer 
of the body, have any influence on tu- 
mors which develop at remote sites? Is 
a carcinogen formed by the action of 
the ultraviolet radiation and carried to 
other regions where it may enhance 
spontaneous tumor development? The 
answer to such questions could be found 
only by analyzing data obtained on 
large numbers of animals. These data 
had to be accumulated slowly and inci- 
dentally from other experiments not de- 
signed to test these particular points. 
Finally, when an analysis could be at- 
tempted, evidence appeared suggesting 
that induced tumors and spontaneous 
tumors run parallel among the indi- 
vidual members of a group. This evi- 
dence added another question to be 
answered and called for certain addi- 
tional experiments which were subse- 
quently performed. The substance of 
this paper constitutes an analysis of the 
accumulated data, in which these and 
related questions are examined. 


EXPERIMENTAL PROCEDURE 


Cutaneous tumors of the ear, for 
which strain A mice show virtually no 
spontaneous incidence, have been in- 
duced in a large number of animals. 
Many of the experimental groups have 
been described elsewhere with regard to 
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other aspects (1,2), as have the methods 
of experiment (3). Routinely, the in- 
duced tumors were selected when they 
reached a given size (4), the time to this 
event being designated the development 
time, or tz (5). Necropsies were made at 
this time, except in certain instances 
specified ; the freshly excised lungs were 
examined for gross evidence of tumor 
without fixation of the tissue. Only the 
presence or absence of tumors was re- 
corded, no attempt being made to count 
the tumors. 

For comparison, the incidence of pul- 
monary tumors was determined for a 
considerable number of control mice of 
various ages. The results are shown in 
figure 1, where cumulative tumor inci- 
dence in probits is plotted against the 
logarithm of time. This plotting gives 
nearly a straight line, at least over the 
portion of the curve that is of interest 
in these studies, indicating that the 
logarithm of development time, ta, is 
approximately normally distributed 
among the individuals of a group, a 
relationship that also holds for tumors 
induced with ultraviolet radiation (7). 
Since death of the mice seems to be 
rarely if ever brought about by the pul- 
monary tumors and since there is no 
evidence of spontaneous regression, 
the curve should represent the cumula- 
tive pulmonary-tumor incidence. The 
standard deviation of pulmonary-tu- 
mor-development time, indicated by the 
slope of the regression lines, is approx- 
imately 0.21 log days, as compared with 
0.081 log days for the cutaneous tumors 
(4) represented by lines A, B, and C 
(fig. 1). This fact indicates a wide de- 
gree of variability in the pulmonary- 
tumor incidence and makes the study of 
large numbers of animals necessary if 
accurate conclusions are to be reached. 

Shimkin (7) and Heston (8), whose 
results are also indicated in figure 1, 
both found somewhat higher incidences 
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FIGURE 1. 


Cumulative incidence of pulmonary tumors in strain A mice of various age groups. 


The solid lines and solid disks represent the present studies; the numbers beside each 


disk indicate the number of animals used in determining the point. 


Lines A, B, and C 


represent cumulative incidence curves for induced cutaneous tumors of the three groups 


in table 1. 


of pulmonary tumors. The latter ex- 
amined fresh lungs without fixation 
with the aid of a dissecting microscope ; 
the former examined fixed lungs with 
the naked eye. Only male animals were 
used in the present studies, whereas both 
Shimkin and Heston used males and fe- 
males; but they found no significant sex 
differences. Differences in technique of 
observation may easily account for the 
somewhat higher lung-tumor incidence 
found by Shimkin and Heston, and 
there is essential agreement among the 
three sets of data. Our observations 
were made at different times over the 
course of 2 years, yet the results appear 
consistent, an indication that the inci- 
dence of lung tumors is not greatly 
influenced by minor’ environmental 
changes (7). 

The animals used in our experiments 
were delivered to us at various times 
from the Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine, when 
they were 6 weeks old, and their ages 
were probably known to within 1 week. 
Any error of less than 3 weeks in deter- 
mining their ages would not vitiate the 
results or call for conclusions other than 
those presented herein. 


ANALYSIS OF THE DATA 


The distribution of pulmonary tu- 
mors among 470 mice with induced cu- 
taneous tumors is shown in table 1. In 
all the animals, the examination for 
pulmonary tumors was made at the time 
of selection for cutaneous tumors. Since 
the development time, ¢;, for cutaneous 
tumors varies with the dosage of ultra- 
violet radiation, mice receiving differ- 
ent dosages develop cutaneous tumors 
at different ages. For this reason, three 
groups, A, B, and C, were made, each 
including the data from experiments in 
which cutaneous tumors appeared in 
animals of approximately the same age. 
Group A includes a range of dosages 
throughout which the average develop- 
ment time was approximately the same 
(2), whereas groups B and C represent 
two other dosages. The age increments 
are so chosen that each represents the 
same fraction of the age. This arrange- 
ment is convenient and consistent with 
the fact that the logarithm of ¢, for 
both ultraviolet-induced cutaneous tu- 
mors and spontaneous pulmonary tu- 
mors is normally distributed. In the 
bottom line of the table are given the 




















TABLE 1. 


SPONTANEOUS LUNG TUMORS AND CUTANEOUS 


percentage incidences of pulmonary tu- 
mors in “unexposed animals of corre- 
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sponding ages, obtained from interpo- 
lation on the curve in figure 1. 


Distribution of pulmonary tumors among strain A mice with induced cutaneous tumors, 


according to age 
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In all three series, the proportion of 
pulmonary tumors Was below that ex- 
pected for normal strain A mice. The 
ratios of tumors found to tumors ex- 
pected were: Group A, 0.50; group B, 


0.83; and group C, 0.53. These data 
ure in apparent agreement with 


Apperly and Cary’s finding (9) that 
female strain A mice exposed to ultra- 
violet radiation showed a lower inci- 
dence of breast tumors than did 
unexposed controls. Another type of 
experiment, which tends to confirm this 
finding, is described later in this paper. 
However, it is possible that the data 
of table 1 are influenced by a selection 
factor that tends to reduce the pulmo- 
nary-tumor incidence, and this possi- 
bility is considered first. 

If the occurrence of pulmonary tu- 
mors were in no way related to the oc- 
currence of induced cutaneous tumors, 
the selection of animals with cutaneous 
tumors would be tantamount to random 
selection with regard to pulmonary tu- 
mors and the incidence of pulmonary 
tumors would be the same for corre- 
sponding age groups in both experi- 
mental and unexposed animals. How- 
ever, reference to table 1 shows that 
with one exception the incidence of 
pulmonary tumors among the experi- 
mental animals was less than that 


among the unexposed animals of the 
same age. Moreover, the incidence of 
pulmona wry tumors did not run parallel 
in the experimental and unexposed ani- 
mals but displayed remarkable fiuctu- 
ation in the former. Examination of 
the data for the three groups separate- 
ly suggests a tendency for pulmonary 
tumors to occur most frequently among 
animals whose cutaneous-tumor-devel- 
opment time is near the mean. This is 
particularly evident for groups A and 
B, but less clear for group C, which was 
somewhat less homogeneous — than 
groups A and B with regard to distri- 
bution of ¢; and age. The deviation 
from the expected tumor incidence is 
emphasized if one considers the appar- 
ent rate of increase of pulmonary tu- 
mors within age groups, i. e., the age 
specific rates. This is shown in table 2, 
where such data are presented for 
groups A and B and for unexposed ani- 
mals. For each of these groups is shown 
the percentage of all animals in the 
group which developed pulmonary tu- 
mors within various age increments. 
The data show a progressive increase 
in pulmonary tumors at all ages for the 
unexposed animals, since the age-spe- 
cific rate values are all positive, whereas 
in both groups A and B negative rates 
of pulmonary-tumor appearance are 
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given in certain age groups, which 
would seem to indicate that actual re- 
gression and disappearance of these 
tumors took place at these ages. Such 
a conclusion would be valid, however, 
only if the animals in the different age 
groups had been selected at random 
with respect to pulmonary tumors, as is 
true for unexposed animals for which 
no negative rates appear. However, it 
seems probable that this is not the case, 
but that selection with reference to cu- 
taneous tumors is accompanied by selec- 
tion of pulmonary tumors. 


TaBLe 2.—Rate of increase in pulmonary- 
tumor incidence for various age groups 
among strain A mice with induced cutaneous 
tumors 





Age specific rate by group 


Age (in days 


A B Unexposed 
Percent Percent Percent 

+3 

2-219 0 : 
220-241 +12 ? +4 
242-285 +4 +4 +5 
26 5-292 —8 +8 45 
293-321 —9o -i +6 
322-353 0 —3 +7 
354-389 0 0 +8 
390-427 - 0} +7 





To test the latter possibility, table 3 
was prepared. This table is based on 
observations on 518 animals, including 
those in table 1, and also data from addi- 
tional experiments which could not be 
placed in that table yet included too few 
animals to be treated separately. The 
animal groups are arranged according 
to the deviations from the mean of the 
logarithm of ft; for induced cutaneous 
tumors. Division of the animals was 
made according to standard deviation 
units (column 1), thus permitting the 
comparison of groups in which the mean 
value of tz varied widely. The table also 
gives the number of pulmonary tumors 
actually found, and the number ex- 
pected in a group of animals of corre- 
sponding age subjected to no selection; 
the values for the latter were based on 
the ages of the individual mice, which 
varied widely in each group, and the 
proportion of pulmonary tumors ex- 
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pected among control mice of the cor- 
responding ages. 


TABLE 3.—Distribution of pulmonary tumors 
with respect to induced cutaneous tumors 








Deviation of Mice Mice with pul- 

log ta from with monary tumors Ratio of 
the group mean! induced | _| found to 
for cutaneous j|cutaneous expected 

tumors tumors Found | Expected 

Number | Number | Number 
—2.5to —1.5__- 33 1 5.5 0.18 
—1.5 to —0.5__.. 131 21 28. 2 74 
—0.5 to +0.5._- 207 41 55.7 74 
+0.5 to +1.5 114 15 38.4 39 
+1.5 to +2.5..... 30 7 13.4 | 52 
+2.5 to +3.5..-__| 3 0 33 00 
‘Tete. ..... 518 85 142.3 | 60 





' Calculated for mice with induced tumor of the ear. 


Both tables 1 and 3 show that the in- 
cidence of pulmonary tumors is less in 
the experimental group as a whole than 
would be expected in a corresponding 
group of control animals. The differ- 
ence suggests, upon first view, that ex- 
posure to ultraviolet radiation tends to 
delay the appearance of pulmonary tu- 
mors by some inhibitory process. How- 
ever, if such an inhibitory process were 
the sole cause of the lower incidence of 
pulmonary tumors in the experimental 
group, it would be necessary to assume, 
in order to explain the data of groups 
A and B in table 1, that the inhibiting 
action exerts itself to a greater extent at 
an early age, is less pronounced some- 
what later, and is more effective again in 
still older animals. Moreover, it would 
be necessary to assume that the apparent 
inhibition was due not only to delay in 
development of the pulmonary tumors 
but also to actual regression, for table 2 
clearly shows a decrease in cumulative 
pulmonary-tumor incidence with age in 
the older animals. It is difficult to ex- 
plain why such regression should be 
more apparent early and late and less 
apparent at intermediate age. 

On the other hand, the values in the 
last column of table 3 strongly suggest 
that in selecting animals with cutaneous 
tumors, one has inadvertently selected 
animals with pulmonary tumors. To 
appreciate this possibility, it is neces- 
sary to consider how such selection may 
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operate. Let us assume that the occur- 
rence of pulmonary tumors and that of 
induced cutaneous tumors both depend 
upon a single common factor; i. e., they 
are completely linked together. As this 
common factor is distributed among the 
individuals of the group in a certain 
way, an animal that develops a pul- 
monary tumor in average time should 
also develop a cutaneous tumor in aver- 
age time, and an animal that develops a 
pulmonary tumor in less than average 
time should develop a cutaneous tumor 
in less than average time, etc. This 
does not mean that the average time of 
development of a pulmonary tumor 
must be the same as that of a cutaneous 
tumor, which is obviously not the case 
in the present instance. The outcome 
of such a linkage is best explained by 
reference to figure 1, in which approxi- 
mate cumulative incidence curves for 
induced cutaneous tumors of the ear are 
given for groups A, B, and C, by the 
lines correspondingly labeled. If there 
were complete linkage, those animals in 
each group that first developed cutane- 
ous tumors should all have been found 
to have pulmonary tumors, and this 
should hold true up to the time at which 
the incidence curve for pulmonary tu- 
mors crosses that for cutaneous tumors 
for the particular group. Beyond the 
point of crossing, no animals should de- 
velop pulmonary tumors because they 
would have been selected and examined 
before there was sufficient time for such 
tumors to develop. Reference to table 1 
makes it clear that such a complete link- 
age does not exist, even if allowance be 
made for a reasonable degree of varia- 
bility: for a considerable number of 
pulmonary tumors appear after the 
time at which the incidence curves cross, 
and, moreover, the number of early pul- 
monary tumors is below that expected 
whereas the opposite would be true in 
the case of = linkage. 

A partial linkage accounts for the 
type of distribution found, however. 
Tumor development is a function of a 
number of factors (5, 10); and if one 
of these were linked in the manner just 

607152—44——_3 


suggested whereas others were not, this 
type of distribution might be expected. 
Let us assume that tumor development 
is dependent upon factors a, b, and ec. 
Let a be a factor that must affect the 
development of any tumor at any site 
in the body, while 6 and ¢ are factors 
that affect cutaneous and pulmonary 
tumors specifically, and independently 
of each other. Then, for example, a 
given animal in which factor @ is more 
potent than the average will tend to de- 
velop both cutaneous and pulmonary 
tumors earlier than the average, but the 
relative potencies of b and ¢ may be 
such that, whereas cutaneous tumors de- 
velop earlier than the average, pulmo- 


_ nary tumors actually occur later. In 


such instances, the animals would be 
selected and examined before pul- 
monary tumors had a chance to develop, 
thus contributing to a low incidence of 
pulmonary tumors in the group devel- 
oping cutaneous tumors early. All var- 
iations in the relative time of appear- 
ance of the two types of tumor would be 
possible for the individual animal; but 
if large enough numbers of animals 
were examined, the linkage would be- 
come apparent. 

The pulmonary-tumor incidence in a 
group selected according to time of ap- 
pearance of cutaneous tumors would al- 
ways be less than for a similar group 
selected at random. This discrepancy 
would be greater the earlier the mean 
development time for cutaneous tu- 
mors, because the incidence curves 
would cross earlier (see fig. 1), and 
hence a smaller proportion of pul- 
monary tumors would have time to de- 
velop before selection; this might ac- 
count in part for the lack of completely 
smooth relationships in tables 1 and 3. 

To test this hypothesis further, an 
experiment was carried out in which 
the animals were not killed immediately 
after selection but were allowed to sur- 
vive until a considerable proportion had 
developed tumors, when the whole group 
was killed and examined for pulmonary 
tumors. To further the survival of the 
mice that developed tumors, the ear 
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bearing the tumor was cut off shortly 
after selection. The animals survived 
this operation well. The results are 
given in table 4. The ages of the ani- 
mals at the time of examination for 
pulmonary tumors fell within the sixth 
age group indicated in table 1 ( 293 
to 321 days) at which time 30 per- 
cent of strain A mice may be expected 
to have pulmonary tumors. 


TaBLe 4.—Distribution of pulmonary tumors 
with respect to cutaneous tumors in mice 
not subject to selection 





Mice with pul- Ratio of 
monary tumors | tumors 


. Number ___ __ found to 
Group of mice tumors 
. Expec- expec- 
Found ted ted 
Mice with cutaneous Number Number 
tumors.._- 106 24 31.8 0.75 
Mice without cutaneous 
tumors.....-- 42 7 12.6 55 
Total. 148 31 44.4 - 70 





If regression of pulmonary tumors re- 
sulted as a simple function of the action 
of ultraviolet radiation, pulmonary- 
tumor incidence should be the same in 
all groups regardless of the presence or 
absence of cutaneous tumors. Actually 
a somewhat higher incidence of pulmo- 
nary tumors was found in the group 
with cutaneous tumors than in the group 
without. This difference is in the direc- 
tion to be expected if there were linkage 
between pulmonary and cutaneous tu- 
mors, such as would account for the se- 
lection effect suggested. Thus the data 
tend to support that hypothesis; and 
although the difference is not statisti- 
cally significant, this finding is strongly 
suggested when the evidence previously 
presented is taken into account.’ 

The data in table 4 indicate that the 
incidence of pulmonary tumors in the 
group as a whole is lower than that to be 
expected in a similar group of untreated 


*Peller’s hypothesis (11), that the existence of 
cutaneous tumors tends to inhibit the development 
of tumors of other types, is not supported in any 
way by this evidence. If this were the case, the 
incidence of pulmonary tumor would be less in 
the group with cutaneous tumors, which is the 
reverse of the actual findings. Serious doubt has 
been thrown on the correctness of Peller’s hypoth- 
esis, by recent studies (12, 13). 


animals, the ratio of found to expected 
being 0.70, which suggests that selec- 
tion does not account for all of the re- 
duction in the incidence of these tu- 
mors indicated by our data as a whole. 
The same thing is suggested by the ar- 
rangement of the data in table 3. If 
selection alone accounted for the reduc- 
tion in pulmonary-tumor incidence, it 
would be expected that the ratio of pul- 
monary tumors found to those expected 
would be greater than 1 at some stage. 
This is not the case, as the highest ratio 
is 0.74, and it is found in both the 
—-1.5-to-—0.5 and the —0.5-to-+0.5 
groups. Virtually the same ratio (0.75) 
appears in table 4 for the group with 
cutaneous tumors. This last-named 
group constituted 70 percent of the 
whole group, which corresponds to 
about the 0.5 point on the distribution 
curve for these tumors. Thus, there 
is no evident discrepancy between these 
and the earlier results, a fact which 
lends support to the concept that both 
selection and inhibition of development 
are concerned in the decreased incidence 
of pulmonary tumor in both cases. 


DISCUSSION 


The data which have just been sub- 
jected to analysis give information re- 
garding three different aspects of the 
cancer problem. Whereas it has been 
necessary to analyze the data as a whole, 
these different aspects of the problem 
need separate discussion. 

The first aspect concerning which 
these data provide information is the 
mechanism of carcinogenesis by ultra- 
violet radiation. The fact that no in- 
crease in the incidence of pulmonary 
tumors is observed among mice in which 
cutaneous tumors have been induced is 
conclusively established by the data, an 
actual decrease in pulmonary-tumor in- 
cidence being observed. If a chemical 
carcinogen were produced at the site 
of action of the ultraviolet radiation, as 
is assumed in certain hypotheses, an in- 
creased incidence of pulmonary tumors 
would be expected ; for very small quan- 
tities of carcinogens, at least those of 
the polycyclic hydrocarbon type, pro- 
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duce a great increase in pulmonary-tu- 
mor incidence in this strain of mice 
when injected into the blood stream or 
subeutaneously (7,14). The fact that 
such an increase is not revealed in the 
present data is very definite evidence 
that no permeant carcinogen is formed 
by the ultraviolet radiation. The pos- 
sibilities (1) that a nonpermeant car- 
cinogenic compound is formed and (2) 
that a permeant carcinogen is formed 
which does not produce tumors of the 
lung are not ruled out by these findings, 
but the latter at least seems very un- 
likely. 

Roffo’s contention (75) that ultravio- 
let radiation converts cholesterol or 
other sterol compounds in the skin into 
carcinogenic agents is denied by this 
evidence, since polycyclic hydrocarbons, 
such as might be expected to result from 
such a process, bring about increased 
pulmonary-tumor incidence (7, 14). 
Since Bergmann and his coworkers 
(16) failed to obtain carcinogenic com- 
pounds by exposing a wide variety of 
sterols to ultraviolet radiation in vitro, 
and since the wavelength dependence 
of tumor induction by ultraviolet ra- 
diation does not agree with that ex- 
pected for such a process (17), the ster- 
ol-conversion hypothesis has little left 
to support it. (See also (18).) 

The second aspect on which these 
findings shed light is individual suscep- 
tibility to the development of tumors. 
These data strongly suggest that sus- 
ceptibility to cutaneous tumors and to 
pulmonary tumors runs parallel in indi- 
vidual mice, e. g., those mice that are 
most susceptible to cutaneous tumors 
also tend to be susceptible to pulmonary 
tumors. In this our results are in agree- 
ment with certain results of others so 
that a general relationship of this kind 
is indicated. 

Dunlap and Warren (79) found that 
among mice receiving subcutaneous in- 
jections of carcinogenic agents, those 
developing sarcomas at the site of in- 
jection were also prone to develop ade- 
nomas of the lung. This situation is 
analogous to that in the present experi- 
ments, i. e., it appears in both cases that 


at least one factor which operates to de- 
termine tumor-development time is 
linked in its distribution among individ- 
ual animals so that the development of 
both types of tumor is affected in a sim- 
ilar way. While tumor-development 
time is not the direct basis of Dunlap 
and Warren’s measurement, it is tacit 
in their observations. In their case, 
as in ours, different types of tumor 
developing from different types of tis- 
sue cells are involved, a fact that indi- 
cates that whatever relationship exists 
pertains to the organism as a whole. 
Genetically homogeneous groups of ani- 
mals were used in both studies, and 
hence the factors involved are not func- 
tions of genetic differences, at least in 
the strict sense of that term. In all, 
three strains of mice were used in Dun- 
lap and Warren’s and our own investi- 
gations. Warren and Gates (20) and 
Lund (27) have also presented evidence 
of parallel distribution of tumors 
among human beings. When all this 
evidence is considered, it seems pos- 
sible that this is a fundamental char- 
acteristic of cancer distribution. 
Various recent studies have shown 
that tumor development may be affected 
by endocrine substances (22), and this 
could well explain the parallel develop- 
ment of different tumors within the 
same host. If certain endocrine secre- 
tions affect the development of tumors 
in general, all tumors developing in a 
given host should be affected in propor- 
tion to the quantity of these substances 
secreted in that host. Thus the develop- 
ment of different kinds of tumors would 
tend to run parallel among the mem- 
bers of a group, according to the quan- 
tities of endocrine secretion character- 
istic of the individuals. According to 
this explanation, factor a, postulated on 
page 93, would be the quantity of endo- 
crine secretion. This explanation for 
linkage of the development of different 
types of tumors in the same host seems 
altogether reasonable. Alternatively, 
factor a@ may be some of the general 
characteristics of the body as a whole. 
The third aspect on which these data 
have a bearing 1s the effect of ultraviolet 
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radiation on the incidence of tumors of 
internal tissues which this agent does not 
reach. Our finding that pulmonary- 
tumor incidence is lower in mice exposed 
to ultraviolet radiation, even when the 
effect of selection is taken into account, 
is in agreement with the finding of Ap- 
perly and Cary (9) for mammary tu- 
mors in strain A mice. 

The manner in which exposure to ul- 
traviolet radiation might bring about 
inhibition of the development of pul- 
monary tumors is not altogether clear. 
Some reduction in pulmonary-tumor 
incidence in mice exposed to ultraviolet 
radiation might be anticipated because 
the food intake and hence the body 
weight of such mice is lower than the 
food intake and body weight of the 
controls (23). and lowered food intake 
has been shown to decrease the inci- 
dence of tumors in certain cases (24). 
It should be possible to determine the 
importance of this factor by examining 
the relationship between tumor inci- 
dence and body weight, since the latter 
reflects the lowered food intake. Above 
a certain critical dosage, the cutaneous- 
tumor development is not reduced by 
increasing the dosage (2), whereas the 
reduction of body weight is a function 
of dosage throughout the range. 

Table 5 gives the incidence of pul- 
monary tumor and the body weight for 
animals that received different dosages 
of radiation within this range. The 
mean development time and the age of 
the animals were approximately the 
same in all groups compared, and hence 
the effect of selection should be the 
same in all. The number of animals in 
the highest dosage group is obviously 
inadequate; and if this group is disre- 
garded, the remaining data suggest that 
pulmonary-tumor incidence varies in- 
versely with the dosage and directly 
with the body weight, but the relation- 
ship is not clear cut. On the other hand, 
Ellinger’s finding (25) that the devel- 
opment of subcutaneously implanted 
tumors was accelerated by exposure of 
the mice to ultraviolet radiation, which 
at the same time slowed the gain in body 


weight, is in apparent conflict with this 
explanation. On the whole, the concept 
that reduced pulmonary-tumor inci- 
dence occurs in mice exposed to ultra- 
violet radiation because of the attend- 
ant reduction in food intake is reason- 
able but must remain tentative until 
more direct proof is available. 


TaBie 5.—Body weight and pulmonary-tumor 
incidence in mice exposed to ultraviolet 
radiation 





Dose ! in ergs per Pulmon- 


square centimeter per — ary tumor Ran ; 
exposure x 10 incidence - 
Percent Grams 
8.6 ina 15 13.3 23.4 
5.0 51 7.8 25. ( 
3.3 aw) 6.0 2.2 
2.6 Ys 8.1 25.7 
2.0 bl 11.7 28.2 





All mice exposed 5 times per week. 
2 Average group weight for weekly weighings for sixteenth 
to nineteenth week of exposure period. (See Blum, Grady, 
and Kirby-Smith (23).) 


SUMMARY 


Cutaneous tumors were induced in 
strain A mice by exposing them to re- 
peated doses of ultraviolet radiation. 
This strain develops pulmonary tu- 
mors spontaneously. The incidence of 
pulmonary tumors was less in mice ex- 
posed to ultraviolet radiation than in 
unexposed mice. 

Had a permeant carcinogen been 
formed in the skin by ultraviolet radia- 
tion, the incidence of pulmonary tumors 
would have been increased. The con- 
trary finding is evidence against the 
sterol-conversion hypothesis of carcino- 
genesis by ultraviolet radiation. 

The curve of cumulative pulmonary- 
tumor incidence is distorted in the mice 
with cutaneous tumors in a manner in- 
dicating that in selecting individuals 
with cutaneous tumors there is a tend- 
ency to select animals with pulmonary 
tumors. The distribution found among 
individual mice seems best explained by 
the existence of several factors in- 
fluencing tumor development, at least 
one of which has a similar effect on tu- 
mors developing in different tissues of 
the same animal but varies in potencies 
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among animals. The existence of such 
a common factor is suggested by the re- 
sults obtained by other investigators. 
The decreased incidence of pulmo- 
nary tumors is partly explained by se- 
lection for cutaneous tumors before pul- 


~ 


LoS) 


~ 


(6) 


x 


(9) 


(10) 


monary tumors have time to develop. 
Not all the decreased incidence is the 
result of selection, however. Ultravio- 
let radiation must reduce pulmonary- 
tumor incidence in some indirect way, 
possibly by curtailing food intake. 
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HISTOLOGIC CHANGES IN THE ADRENAL GLANDS OF TUMOR- 
BEARING MICE 


By ALBert J. Daron, senior cytologist, with the assistance of VirciINIA B. PETERS, laboratory 
technician, National Cancer Institute, National Institute of Health, United States Public 


Health Service 


INTRODUCTION 


The opinion has been expressed and 
rather widely held that the organs of 
tumor-bearing animals are not affected 
by the presence of a growing tumor. 
Clinically, except for the direct effects 
of invasion, pressure necrosis, ete., tu- 
mor growth gives little evidence of sec- 
ondary effects on the organs of human 
patients. However, cachexia is fre- 
quently characteristic of the late stages 
of cancer. Among the symptoms of 
late cancer are many which are com- 
mon to Addison’s disease in human be- 
ings, and to acute adrenal insufficiency 
in laboratory animals. It was felt. 
therefore, that a study of the adrenal 
glands in tumor-bearing animals might 
be of some value in determining 
whether adrenal cortical changes could 
be correlated with the degree of ca- 
chexia in late cancer. 

The literature contains but few ref- 
erences to studies correlating adrenal 
changes with tumor growth. The 
adrenals of tumor-bearing rats were 
studied by McEuen and Selye (7) and 
by Ball and Samuels (2), and Sarason 
(3) examined the adrenals of several 
patients who died of cancer. McEuen 
and Selye found that the adrenals of 
rats bearing the Walker 256 carcinoma 
contained areas of infiltrated lympho- 
cytes and other leukocytes but only in 
those cases in which the tumor weighed 
more than 50 gm. They concluded from 
other experimental evidence that the 
cellular infiltration was associated with 
secondary infection. No mention was 
made in their study of any lipid change. 
Ball and Samuels found evidence of 
adrenal hypertrophy which was pre- 
ventable by hypophysectomy in rats 
carrying the same tumor. Histologic 
examination of the adrenals of these 
animals indicated that the enlargement 
was caused by an increase in cytoplasm 


and in the number of cortical cells. An 
increase in lipid content was also noted, 
the lipid pattern being similar to the 
“prolonged activity” type of Zwemer 
(4). Sarason found that cancer pa- 
tients dying in a cachectic state had 
greatly enlarged adrenals showing 
varying degrees of lipid depletion. Pa- 
tients dying of cancer but with little 
weight loss had moderately enlarged 
adrenals with a normal lipid pattern. 
From these results, it would appear that 


_activation and hypertrophy of the ad- 


renal glands is associated in some way 
with tumor growth in at least two 
species. 

The primary stimulus that induces 
this adrenal change is not known, al- 
though it is probably mediated through 
the pituitary. Several possible explana- 
tions are at hand. The release of toxic 
substances from the large amounts of 
necrotic material characteristically 
present in most rapidly growing tumors 
may be the cause, since Moon (5) has 
shown that one type of shock may be 
induced in dogs by the introduction of 
sterile, minced, normal tissue into the 
abdominal cavity. Further, Selye (6) 
has shown that shock induced by vari- 
ous noxious agents regularly causes 
adrenal enlargement with lipid loss. 
Secondary infection of tumors may be 
the primary cause since Whitehead (7) 
has found evidence of lipid loss in dis- 
eased mice and Sarason (3) has found 
cortical enlargement with associated 
lipid depletion in adrenals of patients 
dying of inflammatory disease and pem- 
phigus. It is also possible, in certain 
cases at least, that tissue anoxia may be 
responsible for the adrenal change. 
Severe anemia, partial occlusion of 
blood vessels, and interference with 
normal pulmonary efficiency by benign 
or malignant growths would tend to in- 
duce tissue hypoxia, and it has been 
shown that adrenal enlargement and 
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lipid loss occur following acute exposure 
to lowered oxygen tension (8, 9, 10). 

Tepperman, Engel, and Long (//) 
have suggested that adrenal activation 
and enlargement are more consistently 
associated with protein catabolism than 
with any other metabolic activity of the 
organism. They feel that protein catab- 
olism with gluconeogenesis from pro- 
tein induced by a variety of stimuli is 
the usual background for adrenal en- 
largement. The results of the present 
study present additional evidence in 
support of this view. 


MATERIALS AND METHODS 


The mouse was chosen for this study 
since many pure strains with a greater 
variety of primary and transplanted 
tumors are available in this species. 
Male animals were used whenever pos- 
sible since it has been shown that the 
lipid pattern is partly dependent on the 
stage of the estrous cycle in female mice 
(73, 14). Tumors were chosen that 
would be most likely to demonstrate a 
relationship between adrenal hyper- 
trophy and the various previously 
mentioned factors involved in tumor 
growth. 

Among the primary tumors (table 1), 
mammary tumors were chosen because 
of their frequent occurrence and rapid 
growth; hepatomas because of their re- 
latively slow growth, special function, 
and lack of necrosis; and pulmonary 
tumors because of the possible produc- 
tion of uncompensated tissue hypoxia. 


(table 2), a rapidly growing, general- 
ized, stem-cell leukemia (Y103) was 
chosen for its possible production of 
tissue hypoxia, a rapidly growing local- 
ized lymphoma (72942), showing little 
if any necrosis, was selected for contrast 
with Y103 and for determining whether 
bulk of growing tissue in the absence of 
other stimulating factors would induce 
adrenal change. The sarcomas. CR180 
and S37, were chosen because of the 
presence of considerable amounts of 
necrosis, and the spontaneous fibrosar- 
coma (15) for its relative freedom from 
necrosis. The fibrosarcomas produced 
by the injection of tissue-culture clumps 
were chosen for their differences in 
growth rate (16). The salivary-gland 
carcinoma (77) was chosen because of 
the presence of a large, central. fluid, 
necrotic mass. The adrenal tumor (78) 
was selected because of its rapid growth 
rate and lack of necrosis for comparison 
with the salivary-gland carcinoma. 
The Cloudman melanoma S91 (79) 
was chosen in order to determine 
whether any unusual adrenal changes 
would result from the formation of 
large amounts of melanin. 

It has been shown that the lipid con- 
tent of the mouse adrenal varies with 
sex and age (23). It also varies with 
strain (24). For these reasons, adre- 
nals of tumor-bearing mice could of 
necessity be compared only with the 
adrenals of control animals of the same 
sex, age, and strain. There is little 
variation in the lipid pattern of the 


Among the transplantable tumors adrenals of such mice. 


TaBLE 1.—Primary tumors in female mice of various strains 








Host . , 
. a EB be ay 
— Tumor Number | oontrols 
Strain Age : 
ania 7 7 oe we =———____—— a Se ee =" 
Grams Months 
{ 0.2-0.7 | C 12-19. 5 6 4 
: .1-2.4| 1x C3 7-18 6 1 
Spontaneous Mammary 7 : | ee H 7-12 12 ri 
| .7-7.0 | Swiss ‘ asl ‘nies 4 l 
Spontaneous hepatoma Siininainituntnieiii 1.2-1.4) A . . 3 A. 
Carbon tetrachloride-induced hepatoma ‘—_—e 8 .- 6 1 4 
Spontaneous pulmonary... ° Cc 3 12-22 3 2 
Urethane-induced pulmonary (1/2) -- : : () C3H 10.5 4 4 





1 Carbon tetrachloride-treated, but negative for hepatoma. 
2 13-18 tumors per animal. 
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TABLE 2.—Transplanted tumors in various strains of mice 

















Host 
Number of 
F | -ontrols 
om Size of | 3 | con 
Tumor tomer Sex 
Strain Age Weight | -~ 
| Male Female} Male |Female 
Grams Months Grams 
Y103 stem-cell leukemia. as ()  _)  ) eee s 7 2 3 
72942, localized lymphoma. BREED | Bicnnncce | ES 8 8 3 4 
ines Je = Re 9) f3.3- 9.3 | C......... __ { SS 4 __: ene ee 
Cloudman melanoma S91 (19). ---|} tae 12 sae) 2 : 3 
CRIS80, sarcoma___..___- eG 1.0-5.6 dba nme aa? 4 2 
837, sarcoma ea item ee ae ex: 3 | Se 
Spontaneous fibrosarcoma (15) - EIA Fe dk: | aa 6 4 oe 
Methylcholanthrene-induced _ fibrosar- ? SRE Oe Biticccimancens 36 | ae 
coma (16). 

Osteogenic sarcoma (20) en 7 ijt: =e 4-6.5 fail 11 3 6 2 
Hepatoma No. 1, adenocarcinoma_.-..-__- .1-2.3 | dbaxI.... a 17. 1-30.8 9 2 2 2 
Hepatoma 74/77 (21) -- Z 91.0) A fnbbae 25. 0-28. 0 2 1 2 2 
Gastric adenocarcinoma (22) __- 3.8-4.1 | C3H...-- _& | Sass. B tos = 
Salivary-gland carcinoma (17). * " | | ft sees _| 19. 6-30.0 9 6 4 2 
Adrenal tumor (18 Pee t Wiknsedsus 21. 7-24. 7 12 2 4 4 





10-to-15-day growth. 
2 15x15x12 em.-28x18x15 em. 


The adrenals of more than 200 tumor- 
bearing animals were examined. In 
none of the tumors listed in tables 1 and 
2 was there any evidence of secondary 
infection or of ulceration. 

The mice were killed by cervical dis- 
location, and the adrenals were fixed 
immediately in Champy fluid. After 
fixation for 24 hours, the adrenals were 
washed in runaing tap water for 24 
hours and then placed in 2 percent osmic 
acid for 5 days at 38° C. Following 
embedding in paraffin, sections were cut 
at 44 and mounted unstained. All 
photomicrographs of sections of this 
material were taken at a magnification 
of 195 X. 

RESULTS 


As shown by Whitehead (23), lipid is 
more abundant in the adrenal cortex of 
female mice than in that of males of the 
same age group. There is also a grad- 
ual decrease in lipid content with in- 
creasing age. In addition, extreme dif- 
ferences occur in animals of the same 
sex and age but of different strains. A 
comparison of figures 1, A, and 2, A, 
show that the adrenal of a 6-month-old 
strain C male contains more lipid than 
does the adrenal of a strain dba (212) 
female of the same age. 
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PRIMARY TUMORS 


Some indication of a decrease in lipid 
content was found in the adrenals of 
animals with spontaneous tumors. 
However, wide variations in age, uncer- 
tainty as to the exact age in some in- 
stances, and differences in general 
health made it impossible to be abso- 
lutely certain that this decrease was due 
to the presence of atumor. Also in at- 
tempting to determine the effect of the 
presence of primary tumors induced 
with various agents, it was difficult or 
impossible to assess the effect of the in- 
ducing agents on the lipid content of the 
host adrenals. The fact that the ma- 
jority of primary tumors happened to 
occur in females added to the difficul- 
ties since, in general, the adrenals of 
female mice contain more lipid than 
do those of males. A slight decrease in 
lipid content would be more difficult to 
detect in adrenals originally containing 
a large amount of lipid than in those 
containing a small amount. For these 
reasons attention was soon diverted to 
the adrenals of mice carrying trans- 
planted tumors. 


TRANSPLANTED TUMORS 


By using transplanted tumors, it was 
possible to reduce to a minimum those 
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Figure 1.—A, Adrenal cortex from a normal 5-month-old strain C male. B, Adrenal from a 
5-month-old strain C male carrying a transplantable spindle-cell carcinoma of the sali- 


vary gland weighing 7 gm. 


variables which made the study of the 
adrenals of mice carrying primary tu- 
mors so difficult. It was found early in 
the study that, owing to the smaller 
amount of lipid generally present in the 
adrenals of male mice, such hosts served 
as more sensitive indicators of lipid loss. 
For this reason, males were used as hosts 
for the majority of transplants. 

Loss of lipid from adrenals of animals 
carrying epithelial tumors appeared to 
be correlated with the amount of sterile 
necrosis present. No changes were noted 
in the adrenals of animals carrying the 
hepatoma 7A/77, a slow-growing, car- 
bon tetrachloride-induced tumor rela- 
tively free from necrosis. The adrenal 
tumor, which is also relatively free of 
necrosis but more rapidly growing, in- 
duced no change in nine hosts, two of 
which were females, slight lipid loss in 
three males, and moderate loss in two. 
Hepatoma 1, which was a rapidly grow- 
ing o-aminoazotoluene-induced carci- 


noma, contained a moderate amount of 
necrosis and induced no change in one 
male, slight loss in nine, and moderate 
loss in two. The glandular-stomach 
tumor (22), a rather slow growing 
adenocarcinoma containing a consider- 
able amount of necrosis, induced slight 
loss in one male and moderate loss in 
two males. The spindle-cell carcinoma 
of the salivary gland (17), in which a 
large, fluid, necrotic mass forms the 
central and major part of the trans- 
plant, induced depletion of cortical lipid 
in the adrenals of both males and fe- 
males although the depletion was much 
more obvious in males. For example, 
the adrenals from a female mouse carry- 
ing a 6.7-gm. tumor showed only slight 
depletion while the adrenals of a male 
of the same age carrying a 0.4-gm. tumor 
showed considerable loss of lipid. Of 
the six females bearing this tumor, the 
adrenals of one showed no change, two 
showed slight loss, and three moderate 
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loss of lipid, while of the nine males, 
three showed slight to moderate loss, 
and six showed severe loss. Figure 1, 
A, shows the normal lipid content of the 
adrenal cortex of a 5-month-old strain 
C male while figure 1, B, gives evidence 
of the decrease resulting from the pres- 
ence of a 7-gm. salivary-gland-tumor 
transplant. 

No such sex difference was noted in 
animals inoculated with leukemia Y103, 
extreme lipid loss occurring in both 
males and females. This leukemia ap- 
pears to be a stem-cell form which rap- 
idly becomes generalized, infiltrating 
the majority of the vital organs includ- 
ing the adrenals. The usual picture 
found in males carrying this neoplasm 
is similar to that shown in figure 1, B, 
considerable amounts of lipid remain- 
ing in the zona glomerulosa. Figure 
2, A, shows the normal lipid pattern in 
a female strain dba (212) mouse, and 
figure 2, B, shows the complete absence 


of lipid after 13 days’ growth of the 
leukemia. The large, heavily osmicated 
masses visible at the corticomedullary 
border are the products of degeneration 
of the x-zone. The adrenals of the 
eight male and seven female hosts car- 
rying this neoplasm all showed severe 
loss of lipid. 

Comparison of the extent of lipid 
depletion induced by the various sarco- 
mas studied (table 2) did not show the 
correlation with the degree of necrosis 
that was found for the epithelial 
tumors. Nor was there any clear-cut 
correlation between tumor size and the 
extent of lipid loss. Sarcoma CR180 
induced either no change or slight lipid 
loss in females while 837, characterized 
by considerable central necrosis, in- 
duced only slight lipid loss in males. 
The spontaneous fibrosarcoma studied 
in six males showed no change in one, 
slight lipid loss in four, and moderate 
loss in one. Cloudman melanoma S91 





Figure 2.—A, Adrenal cortex of a normal 5-month-old dba (212) female; B, Adrenal cortex 
of a 5-month-old dba (212) female inoculated 13 days previously with the generalized 


stem-cell leukemia Y103. 
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(79) induced slight to moderate loss 
in both strain C and dba males. Changes 
in the adrenals which could be consid- 
ered as peculiar to animals carrying this 
tumor were not noted. The osteogenic 
sarcoma studied in its early bone-form- 
ing generations induced slight to mod- 
erate loss in both males and females. 
Figure 3, -1, shows the lipid pattern of 
the adrenal cortex of a 5-month-old nor- 
mal strain C3H male. It obviously con- 
tains less stainable lipid than is present 
in either strain C (fig. 1, 4) or strain 
A (fig. 5, A) adrenals. Figure 3, 2B, 
shows the slight decrease in lipid in- 
duced by the presence of a 5-gm. osteo- 
genic sarcoma and figure 3, C, shows the 
moderate loss induced by a transplant 
of the same tumor weighing only 4 gm. 
Severe depletion was noted in the ad- 
renals of a 6.5-month-old C3H male 
which carried a small hemorrhagic 
transplant of the osteogenic sarcoma. 
This was the only case in which severe 
depletion was noted in animals carry- 
ing this tumor, and it was complicated 
by the presence of several small hepatic 
metastases and an amyloidlike deposit 
in the liver, spleen, lymph nodes, and, 
as figure 3, ), shows, in the adrenals. 

The tumor strains produced by the 
inoculation of neoplastic tissue culture 
cells (16) elicited variable amounts of 
lipid depletion which could not be cor- 
related with the growth rate of the 
strain of tumor transplanted. The tu- 
mors in this series were all relatively 
large, averaging 20 x 20 x 10 mm. in 
size and containing relatively large 
areas of central necrosis. Of the 35 
pairs of adrenals studied, 4 showed no 
change, 17 showed slight, 12 moderate, 
and 2 severe loss of lipid. Figure 4, A, 
shows the typical picture of the adrenal 
cortical lipid of animals carrying this 
tumor (cf. fig. 3, 4). A few showed 
severe loss, but as in the case illustrated 
in figure 4. B, which was complicated 
by severe jaundice resulting from in- 
vasion and blockage of the common bile 
duct, some factor other than tumor 
growth could be held responsible for 
the change. 


The growth of the localized lym- 
phoma 72942 gave rather interesting re- 
sults. This neoplasm remained as a 
localized growth for long intervals, and 
only very late did it invade the blood 
stream. The localized growth seldom 
gave evidence of necrosis and then only 
in very minimal amounts. As in the 
case of the spindle-cell carcinoma of the 
salivary gland, loss of lipid was more 
obvious in males than in females. Of 
the seven female hosts, five showed no 
change, and two showed slight lipid 
loss; while of the seven males, two 
showed no change, four showed slight 
loss, and one showed severe loss. In this 
last instance there was evidence of inva- 
sion of the blood stream. The presence 
of but very minimal amounts of necrosis 
in this neoplasm suggests that some fac- 
tor other than necrosis was involved in 
the loss of lipid from the adrenals of 
these animals. Figure 5 demonstrates 
the slight lipid loss accompanying the 
uncomplicated localized growth of this 
lymphoma. 

DISCUSSION 


The results obtained from the histo- 
logic study of the adrenal lipids of ani- 
mals carrying primary spontaneous and 
induced tumors are difficult to interpret. 
The probability is that in some instances 
the lipid loss found in the animals carry- 
ing these tumors was the result of the 
presence of the tumors alone. This must 
be considered as only a probability be- 
cause of the many uncontrollable vari- 
ables encountered in the study of pri- 
mary tumors. The results of Sarason 
(3) and Larionow (25) must be inter- 
preted with equal caution, those of 
Sarason because they were based on 
clinical cases of primary tumors, and 
those of Larionow because of the pos- 
sible effect of the carcinogen, benzpy- 
rene, on the adrenals. 

Studies on transplanted tumors (/. 
2) have also been carried out on rats in 
which slight differences in the amount 
of cortical lipid would be difficult to 
detect. Ball and Samuels (2) found 
evidence of adrenal enlargement as well 
as an increase in lipid content in rats, 
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Figure 3.—Adrenal cortices from four 5-month-old strain CBH males. A, Normal lipid pattern ; 
B, Slight lipid loss in an animal carrying a 5.1-gm. osteogenic sarcoma transplant; C, Mod- 
erate depletion in an animal carrying a 4-gm. tumor of the same type; D, Almost total lipid 
depletion in an animal carrying the same tumor but with the complications of liver metas- 
tases and amyloidlike deposits in spleen, lymph nodes, liver, and adrenals. 
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Figure 4.—A, Slight lipid depletion in the adrenal cortex of a strain C3H mouse carrying a 
large, transplanted, induced fibrosarcoma; B, Severe depletion in the cortex of a 5-month- 
old strain C3H male also carrying an intramuscular transplant of the induced fibrosar- 
coma but complicated by jaundice induced by blockage of the common bile duct. 


suggestive of continuous, mild stimula- 
tion of the pituitary (4). In the pres- 
ent study on mice, there was no evi- 
dence of adrenal enlargement even in 
animals carrying tumors equal in 
weight to that of the hosts. Compari- 
son of the thickness of the adrenal cor- 
tex of control and tumor-bearing mice 
(see text figures) bears out this state- 
ment. When changes have been noted, 
they have always been in the direction 
of a decrease in lipid content, begin- 
ning at the inner fasciculata and ex- 
tending toward the zona glomerulosa. 

Lipid depletion in the adrenals of ani- 
mals bearing epithelial neoplasms ap- 
peared to be proportional to the amount 
of necrosis present in the tumors. A 
similar correlation could not be shown 
for sarcomas. It appears certain, how- 
ever, that the presence of sterile necrosis 
is in part responsible for the lipid de- 
pletion occuring in the adrenals of 
tumor-bearing mice. 


The presence of small amounts of 
cortical lipid in adult male mice as com- 
pared with amounts in females of the 
same strain no doubt accounts in part 
for the more frequent identification of 
lipid depletion in male hosts. This can- 
not be the entire explanation, however, 
especially in the case of the salivary- 
gland carcinoma where the discrepancy 
is too great. Such tumors weighing 0.4 
gm. caused almost complete loss of lipid 
in males while similar neoplasms weigh- 
ing as much as 7 gm. caused little or no 
loss in females of the same age. Lario- 
now (25) noted lipid depletion in male 
mice carrying primary squamous-cell 
carcinomas induced with benzpyrene 
but could find no such change in fe- 
males. Apparently the adrenals of 
male mice of certain strains, at least, 
react more readily to the presence of 
growing tumors than do those of fe- 
males. 

Whether death and necrosis of tumor 
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cells are alone responsible for these 
changes in the adrenal glands is difficult 
to ascertain. Some necrosis is present 
in nearly all tumors, and nearly all of 
the tumors tested gave evidence of in- 
ducing some degree of lipid loss in cer- 
tain instances. Estimation of relative 
amounts of necrosis is very difficult and 
inaccurate. Estimation of large, mod- 
erate, or minimal amounts can be made, 
however, and on this basis it could be 
said that a correlation exists between 
the amount of necrosis in epithelial tu- 
mors and the extent of lipid depletion. 
It was observed occasionally in trans- 
plants of the induced fibrosarcomas that 
the amount of necrosis in a large tumor 
was less than that in a smaller one, and 
yet the animal carrying the larger tumor 
would show lipid loss while the animal 
carrying the smaller tumor would not. 
This suggests that the mere presence 
of a large mass of healthy, growing tu- 
mor tissue may be capable of stimulat- 
ing the release of cortical lipids. Such 


a possibility is supported by the fre- 
quent occurrence of lipid depletion in 
animals carrying large transplants of 
the adrenal tumor containing minimal 
necrosis. If this possibility were true, 
it would support the hypothesis of 
Engle, Tepperman, and Long (77) that 
adrenal cortical activity is closely re- 
lated to protein catabolism and glu- 
coneogenesis. Excessive amounts of 
metabolizing tissue might be expected 
to stimulate adrenal activity. 

The extreme lipid loss present in ani- 
mals carrying the generalized leukemia 
Y103 suggests that another factor is 
involved in this case. That the de- 
pletion is equally striking in females 


. and males is significant, suggesting that 


the factor responsible is something 
other than the presence of sterile ne- 
crosis or large amounts of healthy, me- 
tabolizing tumor tissue. As indicated 
previously (8, 10), lipid depletion is 
readily induced by acute exposure to 
lowered oxygen tension, and uncompli- 





Figure 5.—A, Normal lipid pattern in the adrenal cortex of an 8.5-month-old strain A male; 
B, Slight lipid depletion in the cortex of an 8.5-month-old strain A male inoculated sub- 
cutaneously with the lymphoma 72942 16 days previously. 
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cated tissue hypoxia appears to exist in 
animals carrying this neoplasm. Con- 
tinued infiltration of the leukemic cells 
into the blood vessels and stroma of 
vital organs including the heart and ad- 
renal glands plus the gradual decrease 
in red cell count from an average of 
9 to approximately 5.6 million per cubic 
millimeter would lead to a condition 
of uncompensated tissue hypoxia, re- 
action to which might be expected to be 
similar to that known to occur in acute 
hypoxia. 

Whatever the primary cause of the 
c ‘hange, the occurrence of extreme lipid 
depletion in many of the animals sug- 
gests that some of the symptoms of the 
cachexia characteristic of advanced can- 
cer may be caused by acute or chronic 
adrenal cortical insufficiency. 


SUMMARY 


Spontaneous and induced neoplasms, 
both primary and transplanted, were 
studied in order to determine their 
effects upon the lipid content of the 
adrenal glands of the host animals. 
Primary tumors were found to be unsat- 
isfactory experimental material because 
of the many uncontrollable variables 
encountered. No evidence was obtained 
which would suggest a specific effect of 
any of the tumors on the hosts carrying 


them. The only effect noted was a de- 
crease in stainable lipid beginning at 
the inner border of the zona fasciculata 
and extending, in the most striking 
cases, to the zona glomerulosa. This lipid 
depletion was found to be more ob- 
vious in males than in females, partly 
because of the smaller amount of lipid 
originally present in the adrenal of the 
male mouse and partly because the ad- 
renal of the male appears to be more 
reactive to the presence of large amounts 
of tumor tissue than is that of the 
female. This type of depletion ap- 
pears to be comparable with that re- 
sulting from moderate or excessive 
pituitary stimulation. The primary 
causes for the depletion are considered 
to be the formation of large areas 
of sterile necrosis, the presence of large 
masses of healthy metabolizing tumor 
tissue. and the presence of tissue 
hypoxia, e. g., in the cases of advanced 
generalized leukemia. The first two 
factors induce more obvious changes in 
male mice, the third is equally effective 
in either sex. 

Whatever the primary cause of lipid 
depletion in the adrenal cortex, its pres- 
ence suggests that some of the svmp- 
toms of the cachexia characteristic of 
late malignant disease may be the 
result of acute or chronic adrenal corti- 
‘al insufficiency. 
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SULFUR DISTRIBUTION IN EXTRACTS OF NORMAL AND 
NEOPLASTIC TISSUES 


By JESSE P. GREENSTEIN, senior biochemist, and FLoreENce M. LeutHarpt, laboratory techni- 
cian, National Cancer Institute, National Institute of Health, United States Public Health 


Service 


We have shown that the extractable 
tissue proteins of different species can 
be distinguished by the relative propor- 
tion of cystine and cysteine in these pro- 
teins (7). Thus, although the proteins 
of homologous tissues in the rabbit and 
in the rat have nearly the same total 
cystine-cysteine content, the rabbit has 
more cysteine and hence less cystine 
than the rat. The ratio of cystine to 
cysteine for a number of rat tissues was 
observed to average 3.1, the ratio for the 
same tissues in the rabbit averaged 0.7. 
These ratios were characteristic not 
only of the adult tissues of these species 
but also of the fetal livers as well. 

Can the extractable proteins of the 
neoplastic tissues of these two species 
also be distinguished by the ratios of 
cystine to cysteine? The problem 
whether the proteins of tumors are simi- 
lar to those of normal tissues has fre- 
quently been raised. The search for the 
solution of this problem has almost in- 
variably been conducted by the employ- 
ment of immunologic techniques, and a 
large if inconclusive literature has been 
derived from such studies. The ap- 
proach to this problem by way of chemi- 
cal analysis has less frequently been 
attempted. Greenstein and Jenrette 
(2) investigated the liver nucleoproteins 
of various species and observed that the 
proteins of the rabbit, the rat, and the 
calf could be distinguished on the basis 
of the relative proportions of cystine to 
cysteine in the various species. The 
total cystine-cysteine content of the 
proteins of the three species was nearly 
the same, but in the rabbit cysteine 
formed close to 100 percent of this 
amino acid fraction, in the calf it formed 
about 50 percent, and in the rat about 
15 percent. Greenstein, Jenrette, and 
White (3), studying the nucleoprotein 
of the transplanted rat hepatoma, ob- 
served that not only was the total 
cystine-cysteine content of this protein 


the same as that of the nucleoprotein of 
the normal rat liver, but the ratio of 
cystine to cysteine was also the same. 
Thus the analytical composition of the 
tumor, as far as it went, was very nearly 
the same as that of the normal tissue of 
origin. 

To extend these studies, the cystine 
and cysteine distribution of the extract- 
able proteins of the neoplastic tissues of 
rats and of rabbits has been determined 
and compared with that of the normal 
tissues of these species. For further 
comparison, the complete sulfur distri- 
bution of the extractable proteins of 
the transplanted hepatoma in rats, to- 
gether with adult, regenerating, and 
fetal livers, has been studied. 


JSXPERIMENTAL PROCEDURE 


The techniques of investigating the 
cystine-cysteine and total sulfur distri- 
bution have been described elsewhere 
(1). The neoplasms investigated com- 
prised the following transplanted rat 
tumors: hepatoma 31, the Jensen sar- 
coma, the Flexner-Jobling carcinoma,’ 
the Walker 256 carcinoma,? and the 
transplanted rabbit Brown-Pearce epi- 
thelioma. Several samples of each tis- 
sue were studied. The analytical re- 
sults varied by no more than 20 percent 
from one sample of tissue to another of 
the same kind. 

The distribution of the sulfur-con- 
taining components in the extracts were 
invariably studied on one and the same 
extract. The results are given in terms 
of milligrams per milligram total nitro- 
gen in the extract. The fact that the 
experimental techniques employed pick 
up the sulfur distribution in glutathione 
as well as in the accompanying proteins 
of the extracts has been discussed else- 


12 The authors are indebted to Dr. H. P. Rusch, 
of the University of Wisconsin, for generously 
donating the rats bearing the Flexner-Jobling and 
Walker 256 tumors. 
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where (7). The cystine and cysteine table 1, and the total sulfur distribution 
distribution in the normal and neoplas- in normal and neoplastic hepatic tissues 
tic rat and rabbit tissues is described in in table 2. 


TABLE 1.—Cystine and cysteine in the extractable proteins of normal and neoplastic tissues ! 





Cystine 














Cys »-C ysteine 2 Cysteine 3 Cc stine 4 = — 
- ystine-C ysteine ysteine ystine Cysteine 
Tissues - : —— a ee 
Rat Rabbit Rat Rabbit Rat Rabbit Rat Rabbit 
Normal 
Adult liver 0. 41 0. 43 0. 10 0. 25 0.31 0.18 3.1 0.7 
Regenerating liver § .40 .10 . 30 3.0 
Fetal liver ¢ . 26 ll . 06 05 . 20 . 06 3.3 1.2 
Kidney 40 .44 .10 . 24 . 30 .20 3. 2 8 
Spleen . 38 2B .09 16 29 .12 3.2 8 
Brain . 36 . 36 sam 24 . 25 12 2.3 5 
Heart . 38 40 il .2 27 .20 2.4 1.0 
Skeletal muscle 2 26 . 08 .18 .20 . 08 2s 5 
Lung .20 .2 .04 il .16 .09 4.0 .8 
Pancreas . 26 24 .05 .16 oan .08 4.2 5 
Average 3.1 7 
Neoplastic: 7 | : 
Hepatoma 31 . 24 . 06 .18 3.0 
Jensen sarcoma 23 .05 .18 3.6 
Walker 256 carcinoma 26 . 06 ee on 3.3 
Flexner-Jobling carcinoma 28 : .07 21 3.0 
Brown-Pearce tumor i 4 ee . 13 7 
Average E . 3.2 
! All data given in terms of milligrams per milligram of total nitrogen in the tissue extracts. 
? By the Folin-Marenzi method on hydrochloric acid+formic acid hydrolyzates. 
3 By porphyrindin titration of the proteins denatured in guanidine hydrochloride. 
* Calculated by difference: i. e., by subtraction of cysteine from cystine-cysteine. 
5 2 days after partial hepatectomy. 
6 From rats 2 weeks, and from rabbits 20 days pregnant. 
7 All tumors were transplants. 
TaBLe 2.—Sulfur distribution in normal and neoplastic hepatic tissues ! 
i . Cystine 3 Methionine |... : er Cystine-cysteine 
Total sulfur cysteine sulfur sulfur ¢ Cysteine sulfur *) Cystine sulfur 5 sulfur + Meth 
Tissues ionine sulfur 





Rat Rabbit} Rat Rabbit) Rat Rabbit| Rat Rabbit Rat Rabbit Rat Rabbit 





Adult liver 0.136 | 0.131 | 0.109) 0.115 | 0.022); 0.016 | 0.026 | 0.067 | 0.083 0.048 0.131 0. 131 
Regenerating liver . 134 . 106 . 028 | 026 . 080 : . 134 : 

Fetal liver 130 . 072 . 069 . 030 . 055 . 026 . 016 . 008 . 053 . 022 . 124 - 056 
Hepatoma 31 131 . 064 ‘ . 068 - 016 . 048 ‘ - 132 





! All data given in terms of milligrams per miligram of total nitrogen in the tissue extracts. 
2 By alkaline peroxide fusion. 

3 From table 1. 

*‘ By method of McCarthy and Sullivan, 

5 Calculated by difference. 


DISCUSSION of each species. This means simply that 

The data in table 1 reveal that al- as far as this criterion goes, rat tumors 
though the total cystine-cysteine ratio are made up of rat protein. and rabbit 
of homologous tissues in the rat and in tumors of rabbit protein. These results 
the rabbit is nearly the same, the relative are in accord with those observed ear- 
proportion of cystine to cysteine is dif- _ lier by Greenstein, Jenrette, and White 
ferent for each species. The cystine- (3). The composition of all four rat 
cysteine ratios for the neoplasms are tumors appears to be very nearly the 


the same as those for the normal tissues same, and in this sense the tumors are 
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more nearly like each other than they 
are like normal tissues or than normal 
tissues are like each other. Metaboli- 
cally, this statement also appears to hold 
true (4). Although there may be a 
remarkable uniformity in the enzyme 
and in the protein pattern of the neo- 
plasms of any one species, the cystine- 
cysteine ratio of the proteins of these 
neoplasms is the same as that of the 
normal tissues of this species and thus 
reveals their origin and relationship. 
The data in table 2 reveal the follow- 
ing points of interest: (1) The cystine 
and cysteine contents are higher, the 
methionine content lower, in adult as 
contrasted with fetal livers; (2) at 
nearly equivalent periods of gestation, 
the total sulfur, cystine-cysteine sulfur, 
and methionine sulfur of the rabbit fetal 
liver are only about half that of the 
rat; and (3) the sulfur distribution of 
normal adult and of regenerating rat 
livers is nearly the same, and the sulfur 
distribution of fetal rat liver and of 
the transplanted rat hepatoma is nearly 
the same. The relative distribution of 
the sulfur-containing components in the 
adult and fetal livers of rats and of rab- 
bits is consistent in both species. It 
would appear that the methionine, 
which is in excess in the fetal livers, is 
converted into cystine and cysteine when 
these livers become adult. The differ- 
ence in order of magnitude (but not 
in relative proportions of the compo- 
nents) of the sulfur in rat and rabbit 
fetal livers suggests that the embryonic 
development of the two species may not 
occur at equal rates, and that the pre- 
caution of studying these livers xi 
nearly equivalent gestation periods was 
taken in vain. The essential similarity 
in the distribution of sulfur in the nor- 


mal adult and regenerating rat livers 
and that in the fetal and neoplastic rat 
hepatic tissues is consistent with the re- 
sults obtained on the glycolysis (5) and 
enzymatic distribution (6) of these 
tissues observed previously. It is im- 
possible to be unimpressed by the sim- 
larity of the fetal and neoplastic hepat- 
ic tissues. In the embryo, the liver pos- 
sesses a characteristic enzymatic pattern 
and sulfur distribution; in adult life 
this pattern and distribution alter to 
those characteristic of the adult; but 
when the adult liver becomes neoplastic, 
the enzymatic pattern and the sulfur 
distribution revert to those nearly in- 
distinguishable from the fetal. Run- 
ning throughout these changes, the con- 
stant cystine-cysteine ratio remains that 
characteristic of rat tissue protem 
(table 1). 
SUMMARY 


The cystine-cysteine ratio in the ex- 
tractable proteins of normal adult, 
fetal, and neoplastic tissues is a value 
characteristic for each species. 

The study of the sulfur distribution 
of normal adult, regenerating, fetal, 
and neoplastic hepatic tissues reveals 
(1) that the cystine and cysteine con- 
tents are higher and that of methionine 
is lower, in adult as compared with fetal 
liver, (2) at nearly equivalent periods 
of gestation, the total sulfur, cystine- 
cysteine sulfur, and methionine sulfur 
of the rabbit fetal liver are only about 
half that of the rat, and (3) the sulfur 
distribution of normal adult and of re- 
generating rat livers is nearly the same, 
and the sulfur distribution of fetal rat 
liver and of the transplanted rat hepa- 
toma is nearly the same. The general 
similarity of neoplastic and fetal tissues 
is discussed, 
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REVIEW OF THE NUTRITIVE REQUIREMENTS OF NORMAL MICE 
FOR GROWTH, MAINTENANCE, REPRODUCTION, AND LACTA- 


TION 


By Harotp P. Morris, senior nutrition 


chemist, 


National Cancer Institute, National 


Institute of Health, United States Public Health Service 


The usefulness of the mouse in experi- 
mental cancer research has long been 
recognized, and a vast amount of knowl- 
edge pertaining not only to cancer but 
also to other biologic fields has been ac- 
quired for this species. Much of this 
information has been assembled from 
widely scattered literature under the 
title “The Biology of the Laboratory 
Mouse” (/). In this book, however, the 
nutrition of the mouse was one of the 
important subjects entirely neglected. 
The extensive use of the mouse in die- 
tary studies concerning the origin and 
growth of tumors warr rants a review of 
the results of research on the nutritional 
requirements of the normal mouse. It 
is obviously impossible to give all these 
requirements either quantitatively or 
qualitatively because many gaps yet re- 
main in our knowledge of the full nutri- 
tive requirements for any species. 

The mouse is closely related to the rat 
taxonomically, yet the two species are 
sufficiently different to make impossible 
the direct application to the former of 
the knowledge of the nutritional re- 
quirements acquired for the latter. The 
rat has been used more extensively in 
nutritional experiments, and therefore 
more information is available for this 
animal. On that account it has been ad- 
visable to compare frequently the re- 
quirements of the mouse with those of 
the rat especially when there is a meager 
amount of information available on the 
former. 

Most studies involving the growth of 
young normal mice are designed so that 
control and experimental groups are run 
simultaneously, thus affording a direct 
comparison of the effect of a giv en treat- 
ment on both. It is often desirable, 
however, to know the average rate of 
growth of mice on diets composed of 
mixtures of natural foodstuffs. Such 
data give a close approximation to the 
normal growth and are valuable criteria 
for comparing the results on growth, of 


feeding synthetic diets supposedly ade- 
quate. 
DIETS 


Diets suitable for producing good 
growth in mice have been reported by 
Thompson and Mendel (2), Morris, 
and others. The composition of two 
stock diets used to obtain an average 
growth curve for weaning mice is 
given in table 1. The diet used by 
Thompson and Mendel 25 years ago con- 
tained 31.3 percent protein and 4 percent 
ash, whereas the diet recently used by 
Morris contained 19.6 percent protein 
and 4.8 percent ash; the latter diet is 
considerably lower in fat, which some- 
what offsets its lower protein content. 
The average growth curves of three 
groups of mice on three different stock 
diets are given in figure 1. The growth 
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FiGURE 1.—Average growth of weanling mice 
on diets of natural foodstuffs. Curve A, 
uverage growth of male strain C3H mice, 
data of Morris: Curve B, average growth of 
albino male mice, data of Osborne and Men- 
del (2): Curve C, growth of albino mice on a 
commercial stock diet, data of Candza and 
Cerecedo (3). 


'2 Unpublished data. 
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of albino male mice on the 31.3-percent 
protein diet of Thompson and Mendel, 
curve B, appears to be slightly though 
not significantly less than the growth of 
male strain C3H mice* curve A. The 
growth of neither of these groups differs 
from that of albino mice (curve C), as 
reported by Sandza and Cerecedo (.3), 
on a stock diet of unknown composition 
until the sixth and seventh weeks, when 
the gain in the last-named group (curve 
(’) appears somewhat more. These data 
indicate that good growth can be secured 
in mice on diets containing 20 to 30 per- 
Taste 1.—Composition of diets of natural 


foodstuffs used to obtain normal growth in 
mice 





Amount 


Constituents of diet Stock diet Stock diet 


| No. 77 (Thompson 
| (Morris) and Mendel 
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cent protein and 4.5 percent inorganic 
salts. 

According to Thompson and Mendel, 
white mice reach sexual maturity and 
adult proportions at an age of about 
2months. Very slow growth occurs fol- 
lowing this period (Judson (4)), 
amounting to approximately 2.5 gm. in 
40 days. Morris and Lippincott (4) 
showed that the growth curve definitely 
flattens out in pure inbred strain C3H 
mice after the fifth week following 
weaning at 21 days of age. This obser- 
vation agrees very closely with that of 
Thompson and Mendel and indicates 
very little change in age periods for 
maximum growth and of body-weight 
maturity of at least one strain of mice 
which has been inbred brother to sister 
since 1920 (Snell (@)). 

The misconception that the mouse 
grows more rapidly than the rat (7, 8) 
is not substantiated by growth data on 


Grams Grams . . . 
skim-milk powder 22.75 20 both species (Morris * and Thompson, 
Case 2 tr ° 
Ground whole wheat 61. 52 table 2). The weight expressed as the 
aeee San See ie a percentage of the birth weight at any 
Salt mixture : 4 given age was always greater for the 
tter fat 32 » . : 
Cod-liver oil. 2 00 rat than for the mouse except for the 
tage a -< first 7 days after birth when the increase 
Corn oil 8. 20 was somewhat more for the latter. The 
Total 100. 00 102 birth weight of the rat doubled 48 times 
in 70 days, whereas that of the mouse 
Calculated composition — doubled only 16 times in 71 days. Dur- 
ing this period in the life cycle, the rat 
Percent Percent ° ° . 
Protein 19. 6 31.3 appears to grow three times as fast as 
Fat 11.7 29.3 . 
Carbohydrate 62.7 30. 2 the mouse, 
Ash 4.8 4.5 _—— 
Water 4.6 





TaBLe 2.—Rate of growth of 


% See footnote 1 


*Thompson, J. W.: Personal communication. 


young normal male strain C3H mice and male rats of the Osborne- 


Mendel strain on excellent growing diets 








Rats Mice 
Average Percent of | Percent of Average Percent of | Percent of 
Age (in days) body birth weaning Age (in days) body birth weaning 
weight weight weight weight weight weight 
Gm Gm 
0 (birth) - 5.6 100 0 (birth) 1.44 100 
5 11.1 198 7 5.1 354 
10 18.5 330 14 : ; 7.9 548 
15 26.8 478 21 10. 5 729 100 
21 40. 1 716 100 29 16. 2 1, 125 154 
28 60.7 1, 083 151 36 19. 1 1, 326 181 
35 96. 6 1, 725 172 43 20.5 1, 423 195 
42 134.7 2, 405 335 50 22.0 1, 527 209 
49 172.3 3, 076 429 57 22.9 1, 590 218 
56 209. 7 3, 744 522 64 23.0 1, 597 219 
63. 243. 3 4, 344 | 606 23.9 1, 659 227 
70 269. 7 4, 816 672 





! Sexes were not separated until weaning time. 
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Mice increased in weight for 2 weeks 
following weaning at aproximately the 
same rate as the rat (table 2, columns 4 
and 8). 

The time required for the two species 
to double their birth weights for three 
different periods was calculated (table 
3). In each instance it took less time 
for the rat than for the mouse. The two 
species were most nearly alike for the 
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period from weaning to 2 weeks later, 
which is the period of most rapid 
growth for the mouse. These data in- 
dicate that the rate of growth of the 
mouse is less than that of the rat; there- 
fore, the total protein requirement for 
the mouse should not exceed that of the 
rat unless the mouse requires more of 
certain amino acids, or unless the food 
protein is less efficiently utilized. 


TABLE 3.—Average time required to double the birth weight for different intervals during the growth 





period ! 
Rats Mice 
Time to Time to 
Interval 
es double a double 
Total gain nee average | Total gain ae average 
Bs birth _— © birth 
weight weight 
Grams Grams Days Grams Grams Days 
Birth to 70-71 days 264. 1 3.77 1.5 22. 46 0. 32 4.6 
Birth to 42-43 days 129. 1 3. 07 1.8 19. 06 .44 3.3 
Weaning to 14-15 days 55.9 3. 99 1.4 8.6 . 57 2.5 





1 Calculated from table 2. 


Early efforts to grow mice on diets 
containing a single protein were unsuc- 
cessful (9-/5). Rohmann (/6) and 
Wheeler (7) were successful when they 
used mixed protein diets. Wheeler kept 
mice in apparent good health for a 
period of 6 months. Her animals ob- 
tained the best growth on a diet consist- 
ing of milk powder, lard, protein-free 
milk, and casein, in which the protein 
comprised 30.7 percent of the diet, and 
the ash 6.8 percent. This early observa- 
tion apparently has had considerable in- 
fluence upon subsequent studies of the 
protein requirements of mice, although 
Wheeler recognized that some unknown 
special substance was possibly present 
in the diet because the replacement of 
the milk by purified food substances 
resulted in failure of the mice to grow. 
We now know that in most of these early 
experiments the failure to grow was 
primarily the result of a deficiency of 
one or more of the growth vitamins and 
that the level of protein and ash were 
not the major factors. 

Geiling’s experiments (77) in 1917 on 
the maintenance requirements of mice 


did not indicate that a high level of 
protein is essential for maintenance of 
body weight of the adult animal. Mice 
receiving a diet containing 10.65 per- 
cent protein from skim-milk powder 
maintained their weight reasonably 
well. When the level of skim-milk pro- 
teins was reduced to 7.6 percent, the ani- 
mals failed to maintain their weight. 
Adult mice were also unable to maintain 
their weight on an enzyme hydrolyzate 
of casein. The addition of 1 percent 
cystine to the diet resulted in prompt 
recovery, which indicated that cystine is 
essential for maintenance of body 
weight. Geiling removed the diamino 
acids from a casein hydrolyzate and 
found that the residual amino acids were 
inadequate for the maintenance of body 
weight of adult mice. He concluded 
that arginine and histidine seem to be 
interchangeable for maintenance of 
body weight. Geiling’s experiments on 
maintenance (77) and Wheeler’s on 
growth (7) were conducted when knowl- 
edge of essential accessory food factors, 
as well as knowledge of the essential 
amino acids, was very meager. Very 
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few animals were used, and the results 
were not so clear-cut as one would de- 
sire. The mice often did not consume 
their feed satisfactorily, a fact which 
increased the difficulty of interpreting 
the results in terms of our present 
knowledge of nutrition. 


GROWTH 


Beard (18) was able to stimulate 
growth of the white mouse by supple- 
menting a 12-percent casein diet with 
0.5 percent cystine. Bauer and Berg 
(79) fed young strain A mice a diet con- 
taining 14.7 percent casein plus 0.3 per- 
cent cystine. They considered their 
diet complete in other growth factors. 
The mice on the cystine-supplemented 
diet grew slightly better than did those 
fed a diet containing 18 or 32 percent 
casein as a source of. protein. When a 
hydrolyzate deficient in cystine but not 
in methionine was incorporated in the 
diet at a level of 14.8 percent, along with 
0.2 percent tryptophane, it supported 
growth less well than when it was fur- 
ther supplemented with cystine or 
methionine, or both. Growth on the un- 
supplemented diet and its acceleration 
to the same extent by the addition of 
either cystine or methionine suggest 
that the mouse is able to synthesize 
cystine when methionine is provided. 
Bauer and Berg were thus able to dis- 
prove the earlier observations of Kotake, 
Ichihara, and Nakata (20), who ques- 
tioned the ability of the mouse to utilize 
methionine in meeting its needs for 
cystine. Further indirect evidence that 
methionine functions in metabolism of 
the mouse in the same way as cystine 
was reported by White, Mider, and 
Heston (27), who observed that after 
painting the animals with methyl- 
cholanthrene d/-methionine was just as 
effective as cystine in preventing leu- 
kemia in dba mice on a diet low in pro- 
tein and cystine. 

Morris and Voegtlin (22), using a diet 
containing, as the sole source of protein, 
the peanut globulin, arachin, which is 
low in methionine but not in cystine, re- 
ported very slow growth in weanling 
C3H mice; only slightly better growth 


was obtained when this low methionine 
diet was supplemented with /-cystine. 
However, when the low methionine basal 
diet was supplemented with pure d/- 
methionine, a striking stimulation in 
growth in both mice and rats resulted. 

CYSTINE DEFICIENCY IN DIFFERENT 

STRAINS 

White and White (23), using a low 
protein-low cystine diet, in which 
practically no growth is made unless 
the diet is supplemented with cystine, 
found that eight strains of mice, C3H, 
ABC, C, A, 1, AK, dba (subline 212), 
and Bagg albino, all responded in the 
same way. When the diet was supple- 
mented with 0.5 percent cystine, all 
strains responded by increased growth 
or by decreased growth upon the with- 
drawal of cystine. 


AVAILABILITY OF OPTICAL ISOMERS 


Kotake, Ichihara, and Nakata (20) 
indicated that d(+)-tryptophane was 
entirely unavailable to the mouse for 
growth purposes. Their experimental 
data are not convincing, however, for 
growth was too erratic in the trypto- 
phane-fed controls to be considered a 
reasonable basis for comparison. Their 
basal diet contained as a source of pro- 
tein only 10 percent gelatin, a notori- 
ously poor protein, and may have been 
inadequate in other growth essentials. 
Totter and Berg (24) using a trypto- 
phane-deficient casein hydrolyzate as a 
source of the other amino acids at a 
level of 14.7 percent of the basal diet 
obtained slower growth in strain A mice 
with the unnatural d(+ )-tryptophane 
than with /(— )-tryptophane, the form 
naturally occurring in proteins. The 
growth was equally as good with 0.1- as 
with 0.2-percent supplementation of 
1(—)-tryptophane, but with d(+)- 
tryptophane mice on a 0.2-percent sup- 
plementation of the basal diet did not 
grow so well as when 0.1 percent 7(—)- 
tryptophane was added. Continuing 
their studies of the effect of the optical 
isomers of other amino acids on strain 
A mice, shown by Rose (25) to be essen- 
tial for the growth of the rat, Totter 
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and Berg (23) obtained more rapid 
growth with 7(—)-histidine than with 
the unnatural form, d(+ )-histidine, 
each at a 0.5-percent level of supple- 
mentation. In contrast with these ob- 
servations are those of Berg (26) that 
the two isomers of tryptophane promote 
growth of the rat equally well and of 
Cox and Berg (27) that d( + )-histidine 
is only slightly inferior to /(— )-histi- 
dine for the rat. On the other hand, 
Totter and Berg obtained growth in the 
strain A mice on a diet supplemented 
with d(—)-lysine but not with d(+)- 
lysine. These results agree with those 
obtained on growth of the rat with the 
optical isomers of lysine (28). 

Totter and Berg were of the opinion 
that the differences between the albino 
mouse and rat in the utilization of the 
isomeric modifications of tryptophane 
and histidine were quantitative rather 
than qualitative. They indicated that 
the mouse was unable to invert the un- 
natural forms of these two amino acids 
rapidly enough to meet the requirements 
of growth. In the case of lysine, there 
appears to be no conversion in either 
the rat or mouse. 

The amino acids required and the 
availability of their optical isomers for 
growth in the mouse were reported by 
Bauer and Berg (29). They used Bagg 
albino mice. The experiments were con- 
tinued for 40 days after weaning which 
is the most rapid growth period in the 
mouse. The source of amino acid nitro- 
gel) was mixtures of pure amino acids. 
However, the growth obtained on mix- 
tures of amino acids was only about half 
that obtained during the same age pe- 
riod by mice fed a diet containing 20.2 
percent casein as the source of amino 
acids. Table 4 gives the amino acids 
found essential for growth and the 
availability of their optical isomers. 
Growth took place in the absence of ar- 
ginine but probably at a slower rate. 
Tyrosine was not found essential (29), 
but in its absence there appeared to be 
a greater demand for phenylalanine. 
Although only 9 amino acids appear to 
be absolutely essential for growth, the 
animals grew more rapidly when 20 


amino acids were included in the diet 
than when only 10 were present, the 
tenth being arginine. 


r 


‘ABLE 4.—Amino acids required for growth, 
and availability of their optical isomers 
for the mouse '* 





Essential forms of amino acid found 
effective | Nonessential 
amino acids 


Natural Unnatural 


(/+)-Arginine Alanine. 
Aspartic acid 

| Cystine. 
Glycine. 

| Glutamic acid. 


l(—)-Histidine d(+) slightly 


inferior. 
| Hydroxyproline. 
1(+)-Isoleucine. } 
l(—)-Leucine. 
l(+)-Lysine. | 
l(—)-Methionine d(+). 
Nor-leucine. 
(—)-Phenylalanine_..__| d(+). 
| Proline. 
Serine. 
d(—)-Theronine. 
(—)-Tryptophane. -- - d(+) some- 
what less 
effective. 
Tyrosine. 


(+)-Valine. 





| 
| 
| 
| 





1 Data from Totter and Berg (24) and Bauer and Berg (29). 
INORGANIC CONSTITUENTS 


The ash content could be affected by 
a retardation of growth by such means 
as reduction in the amount of protein, 
substitution of gliadin for other pro- 
teins, by underfeeding, and by decreas- 
ing the mineral salts of the food from 
5.7 to 1.7 percent, as shown by Mendel 
and Judson (30) and by Judson (4). 
The ash content of the stunted mouse 
was greater both absolutely and rela- 
tively than that of the normal mouse of 
the same weight (the normal mouse 
with the same body weight was 
younger). Mice retarded for a short 
period at constant body weight when 
given sufficient food grew at a greatly 
accelerated rate and reached the weight 
of controls allowed to grow uninter- 
ruptedly. Ash content, however, did 
not increase at the same rate as body 
weight. During the retarded or con- 
stant-weight period, the development of 
the skeleton, as denoted by body ash 
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(30), proceeded for a time apparently ~- thetic diet on the growth and mineral 


at the expense of the other tissues. The composition of young strain C3H mice. 
body ash following the extra growth The experiment lasted 814 weeks fol- 
that accompanied refeeding did not keep lowing weaning at about 4 weeks of age. 
pace with such rapid growth, so that in An experimental period of about 5 
a few days an almost normal relation weeks’ duration would perhaps have 
was re-established. Beard (8) reported shown more differences. Table 5 sum- 
that a diet containing 1 or 4 percent of marizes the results. Six mice were used 
Osborne-Mendel salt mixture (31, p. in each of six groups. The total ash 
572) fed to each of two mice gave un- content was a third or more higher than 
satisfactory growth when compared that given for the normal adult mouse 
with the growth of mice on diets con- by Mendel and Judson (30). The per- 
taining 7-percent-salt mixtures. On the centage of phosphorus in the ash varied 
basis of these rather inadequate data, from 16.5 to 18.3 percent, with no def- 
Beard concluded “that at least 7 percent inite indication of difference between 
of a well-balanced salt mixture is neces- the different treatments, but the differ- 
sary for the optimum growth of mice.” ences were most likely owing to individ- 

Several investigators have since used ual variations in the animals analyzed. 
diets containing 7-percent-salt mixtures In so far as this experiment goes, one is 
for growing mice, presumedly on the not justified in concluding that a level 
basis of Beard’s conclusions. of salt mixture up to 8 percent of the 

Morris * studied the relation of differ- diet is any more satisfactory for the 
ent amounts of salt mixtures in a syn- growth of mice than is a 3-percent level. 


TABLE 5.—Average gain in body weight and ash and phosphorus content of strain C3H mice on 
various levels of different salt mixtures 











. Aver- Ash content Phosphorus 
A ver- 
: age Aver- | Aver- | Aver- | .,. 
Salt mixture Amount| initial | 2a! age | age age roe 
oa ees amees body | body total | dry ash Poms Body Dry In dry } 
a weight | gain! | weight | weight weight | weight | -.:5;, | In ash 
weight basis | basis | ¥eight 








| Percent | Grams | Grams | Grams | Grams | Grams | Percent) Percent) Percent) Percent, Percent 
} q Q é 1k 3 17.3 





Osborne-Mendel (81, p. 572)- 3.0 14.4 23.8 9.3 7.3) 0.94 30. 6 3 . 2. 
| ae cs 4.0 15.4) 231) 7.7 7.1} 91) 2.9] 39 12.8 2.3 18.3 
185a (32) 4.5 15.0 21.5 6.5 6.5) .89 30.4) 4.1 1.7; 25 17.9 
Osborne-Mendel (31. p. 572) 6.0) 14.5 21.2 6.7 6.1 | 92 28.9 | 4.3 15.1 | 2.6 17.6 
185a (32) 6.5 15.1 20.6) 5.5) 62) .91 22.9) 44 14.7 2.4 16.5 
Osborne-Mendel (81, p. 572) 8.0} 14.0] 222 8.3 6.6 | . 92 29. 6 4.1 14.1 2.4 17.3 
| | 
1 In 84% weeks. 
MANGANESE normal growth and normal estrous 


cycles in rats. The mothers produced, 
but failed to suckle their young. Man- 
ganese was absent in the young pro- 
duced by mothers on the manganese- 
free diet but was present in newborn 
and 15-day-old animals of mothers on 
the diets containing manganese. The 
male rats showed no abnormality other 
than testicular degeneration. On the 
other hand, Boyer, Shaw, and Phillips 
(35) reported that a pronounced man 
ganese deficiency in the rat resulted in 
® Unpublished data impaired growth, irregular estrus 
¢Coew's milk was used. or even failure of normal estrus 


Mice fed a whole milk® diet supple- 
mented with iron and copper failed to 
ovulate normally, according to Kem- 
merer, Elvehjem, and Hart (33). The 
growth rate was measurably retarded 
in the absence of manganese which led 
these authors to believe that manganese 
is indispensable for normal growth of 
the mouse. Orent and MeCollum (34) 
prepared «a manganese-free diet ade 
quate in all other respects and noted 





OS? TT 








| 
| 
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in the female, and a delayed opening of 
the vaginal orifice. They confirmed 
Orent and McCollum’s observation of 
testicular degeneration and also noted 
complete sterility, with a lack of sper- 
matozoa production in the male and 
failure of reproduction in the female. 
Shils and McCollum (36) subsequently 
corroborated the findings of the other 
investigators (33,35) so far as the effect 
of manganese on growth is concerned 
and further indicated that mice like rats 
require manganese for successful lacta- 
tion. A reduction in number of estrus 
cycles in mice was reported by Kem- 
merer and his associates (33). Shils 
and McCollum observed no reproduc- 
tion in the mice on the low manganese 
diet although mice on the manganese- 
suplemented diet (10 y manganese as 
manganese chloride per mouse daily) 
were observed to give birth to normal 
litters. 

If Orent and McCollum’s suggestion 
(34) can be experimentally demon- 
strated, that manganese in some manner 
is concerned with the production of a 
hormone by the anterior lobe of the 
hypophysis which is essential for the 
proper development and functioning of 
the mammary tissue, then inadequate 
amounts of manganese in the diet would 
be expected to retard or prevent the de- 
velopment of breast cancer in mice. 
Such a finding to be of any practical 
value would have to permit some repro- 
duction and lactation to take place, 
otherwise the species would soon be 
exterminated. 

FATS 


By means of balance studies using 
diets restricted with respect to fats or 
individual fatty acids, it was found that 
rats can synthesize all natural fatty 
acids except those containing two and 
three double bonds. Burr and his co- 
workers (37-39) showed that the 
absence of linoleic and linolenic acids in 
the diet of the rat leads to a character- 
istic deficiency syndrome, and Longen- 
ecker (40) found that the procedure 
leads to the slow elimination of these 
fatty acids from body fat. 


A second procedure involving the use 
of isotopes was used by Schoenheimer 
and Rittenberg (4/7, 42) to investigate 
the ability of mice to synthesize fatty 
acids. The results indicated that there 
is not a permanent and inactive fat 
depot in adult mice in fat equilibrium, 
but that there is a continuous simultane- 
ous synthesis and destruction of satu- 
rated fatty acids in these animals. 
Continuing these studies on the unsat- 
urated fatty acids, Bernhard and 
Schoenheimer (43) fed adult mice a low 
fat diet such that there was negligible 
deposition of dietary fat. By giving 
the mice heavy water to drink, they 
found an increase in the deuterium con- 
tent of body fluids. However, none of 
the samples of highly unsaturated fatty 
acids isolated contained deuterium 
above the limit of experimental error 
of the analysis. These highly unsat- 
urated fatty acids must have been ob- 
tained by the animal directly from the 
(liet since there was no biochemical evi- 
dence of synthesis. Further studies 
(44) of the same type with mice dis- 
closed that the liver was the most active 
organ for the synthesis of palmitic and 
stearic acids. The deuterium content 
of the palmitic and stearic acids of the 
depot fats was lowest, and the content 
of fatty acids from the intestinal wall 
and kidney were intermediate between 
liver and the depot fats. The authors 
were unable to eliminate the possibility 
that the deutero fatty acids found out- 
side the liver originated in the liver. 
They produced data to show that the 
rate of regeneration of palmitic and 
stearic acid, despite their different con- 
tent in the fat, was approximately the 
same. Rittenberg and Block (44) re- 
ported the utilization of the carbon of 
both the carboxyl and methyl! groups of 
acetic acid for fatty-acid synthesis in 
mice. Their data suggest that the fatty 
acids are synthesized by successive con- 
densation of C, units. 

Bernhard, Steinhouser, and Bullet 
(46) extended the experiments on syn- 
thesis of linoleic and linolenic acid to 
rats and found that the rat was also 
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unable to synthesize these two highly 
unsaturated fatty acids. 

White, Foy, and Cerecedo (47) fed 
a fat-free diet, prepared according to 
Burr and Burr (37-8), to weanling 
albino mice of a strain which had been 
reared in their own laboratories for the 
past 8 years. The mice survived an 
average of 11 weeks although some died 
during the first few weeks from failure 
to eat. Gain in weight was obtained 
for the first 5 weeks of the experiment. 
During the following 8 to 10 weeks, the 
body weight remained practically con- 
stant. The first clinical evidence of 
deficiency appeared between the thir- 
tieth and fortieth day in the form of a 
dandrufflike dermatitis at the scruff of 
the neck, which spread until the fur was 
filled with the flakes. This scaliness 
extended to the skin of the ears and ex- 
tremities. The paws and the base of the 
tail became red and swollen. As the 
dermatitis became more severe, the 
tissues became necrotic and the animals 
lost their tails or legs. Hematuria was 
observed in a few cases. The incorpora- 
tion of 10 percent lard into the fat-free 
liet of a control group allowed more 
rapid growth and complete freedom 
from the foregoing symptoms for 17 
weeks, When other animals, kept on 
the fat-free diet until cessation of 
growth and the development of the clin- 
ical symptoms, were fed the lard-con- 
taining diet, they resumed growth and 
were completely cured of these symp- 
toms. A similar clinical condition, so 
far as growth and scaly condition of 
the skin was concerned, was observed by 
Morris‘ in strain C3H mice fed, for a 
shorter period, a diet consisting of vita- 
min-free casein (18 percent), sucrose 
(67.3 percent), salt mixture (4.5 per- 
cent), glycerol (20.0 percent), and cho- 
line (0.2 percent), plus synthetic growth 


vitamins of the B group, carotene, 
a-tocopherol, and calciferol. Follow- 


ing cessation of growth, the addition of 
101 mg. of linoleic acid per gram of diet 
resulted in a resumption of growth and 
recovery from the dandrufflike condi- 


* Unpublished data. 
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tion. There is thus ample clinical data 
in agreement with the conclusions of 
Bernhard and Schoenheimer (42) that 
mice are unable to synthesize highly un- 
saturated fatty acids. 


WATER-SOLUBLE VITAMINS 


The isolation and synthesis of several 
of the growth-promoting vitamins of 
the B complex in recent years has 
greatly aided in establishing fairly ac- 
curately the requirements of these sub- 
stances in mice for growth and mainte- 
nance of body weight. At the same 
time, more accurate descriptions have 
been made of vitamin-deficiency syn- 
dromes in mice. 


RIBOFLAVIN 


Langston, Day, and Cosgrove's early 
attempt to produce riboflavin deficiency 
in mice (48) was complicated because 
of the difficulty, at that time, of prepar- 
ing a diet adequate for growth yet suf- 
ficiently low in riboflavin to produce an 
uncomplicated deficiency. They _ re- 
ported a high mortality in less than 
5 weeks. They obtained very slow 
growth or none at all. Cutaneous 
lesions were rarely seen, and _ little 
dermatitis was noted. <A slight amount 
of alopecia was observed in a few ani- 
mals. Keratitis was noted at about 6 
weeks, and 1 to 3 weeks later a general 
ophthalmia was observed which was 
soon followed by death. Noattempt was 
made to alleviate these symptoms by ad- 
dition of the vitamin G concentrate then 
available so that their symptoms may 
have been complicated by other defi- 
ciencies. Such an explanation seems 
probable from the results of riboflavin 
deficiency in strain C3H mice observed 
by Morris and Robertson (32) and Lip- 
pincott and Morris (49). Morris and 
Robertson found that adult mice lost 
weight promptly and continuously and 
survived about 9 weeks when they were 
fed a basal diet containing not more 
than 0.4 y to 0.6 y riboflavin per gram of 
food. Young mice failed to grow on 
this diet after the initial body stores of 
riboflavin had been exhausted, main- 
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tained their weight about 5 weeks, then 
declined in weight until death. Acute 
ariboflavinosis in these young mice re- 
sulted in atrophic and hyperkeratotic 
dermatosis which was occasionally fol- 
lowed by a dermatitis, some myelin de- 
generation in the spinal cord, and a 
keratitis in the eye (49). The gross 
clinical picture of loss of hair, develop- 
ment of cracks and fissures in the skin 
especially in the region of the snout, and 
exudate on the conjunctiva of depleted 
animals clearly indicated a considerable 
interference with metabolic processes. 
The addition of 1.1 micrograms of 
riboflavin per gram of basal diet al- 
ready containing 0.4 y to 0.6 y enabled 
normal adult mice to maintain their 
weight. The maintenance requirement 
for normal adult mice, therefore, is 
about 1.5 y per gram of food ingested, or 
approximately + y per mouse per day. 
The average daily food consumed by 
young and adult normal mice on a diet 
deficient in or supplemented with ribo- 
fiavin was found (32) to be remarkably 
constant for each group during the en- 
tire experimental period of 9 weeks. 
However, when the deficient diet was 
supplemented with an abundant amount 
of riboflavin, considerably more food 
was consumed by young mice than by 
the young mice on the unsupplemented 
diet. The amount of food eaten by the 
mice on the supplemented diet was simi- 
lar to that consumed by adult mice on 
the deficient diet, but the weight of these 
young mice quickly approached the 
weight of the adult mice and even ex- 
ceeded their weight after 5 to 6 weeks. 
The data (32) also suggest a definite 
trend toward a lowered efficiency of 
food utilization in the deficient animals 
toward the terminal stages, which was 
not evident in the group receiving the 
riboflavin supplement. Sure (50) re- 
ported a lowered efficiency of food util- 
ization by rats deficient in riboflavin, 
but it was not associated with any 
marked anorexia in the animals on the 
deficient diet in the terminal stages of 
ariboflavinosis. 
The observed tendency toward a low- 
ered efficiency of food utilization and a 


decrease in growth rate of the sponta- 
neous mammary tumor suggest (32) 
that these two functions are related to 
the essential physiologic rule of ribo- 
flavin in tissue metabolism and probably 
more specifically as an integral portion 
of one or more of the many flavoproteins 
concerned in biologic oxidations. The 
activity of some of these enzyme systems 
was shown to be lower in various rat 
tissues after a riboflavin-deficient regi- 
men (50-53). The riboflavin content 
(22) of the liver of both normal adult 
and tumor-bearing mice decreased ap- 
proximately 50 percent on the ribo- 
flavin-deficient regimen in 4 weeks, but 
there was little further decrease after 6 
weeks of deficiency. The riboflavin con- 
jent of muscle decreased only about a 
third during the same period. 


THIAMIN 


The thiamin requirement of the ani- 
mal organism is not constant but de- 
pends on a number of factors; e. g., the 
amount and composition of the diet 
especially with regard to carbohydrate 
and fat, and intensity of the metabolism 
and the activity of the animal, environ- 
mental temperature, ete. The proper 
metabolism of glycogen requires the 
presence of thiamin. Diets high in 
carbohydrate appear to require in- 
creased amounts of this substance. If 
the diet contains large amounts of fat 
which can be utilized by the animal for 
ehergy purposes, the requirement is de- 
creased apparently because metabolism 
of ingested fats possibly does not require 
thiamin, and a high fat diet also de- 
creases the animal's need for carbohy- 
drate. The fat metabolism appears to be 
influenced by thiamin only in so far as 
the synthesis of fat from carbohydrate 
is involved. One of the first clinical 
manifestations of thiamin deficiency in 
experimental animals is failure to main- 
tain adequate caloric intake. Unless 
proper precautions are taken, therefore, 
starvation may become a primary factor 
preventing the development of typical 
symptoms (54). Thus, when the food 
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consumption of strain C3H mice ® on a 
thiamin-supplemented diet was limited 
to the amount consumed by animals ona 
thiamin-deficient diet, the mice were 
unable to survive any longer than did 
those on the latter diet. After the initial 
reserves of thiamin in adult tumor- 
bearing and normal strain C3H animals 
had been exhausted 10 to 15 days, there 
resulted an almost complete failure to 
eat food. The survival of the animals 
in the acute deficiency was almost en- 
tirely dependent on their food intake. 
Long before the isolation of thiamin, 
this effect of the vitamin was used by 
Cowgill. Deuel, and Smith (45) as a 
criterion of thiamin deficiency in the 
dog. About the same time, Beard (78) 
indicated that yeast or yeast extract was 
essential for normal growth in the al- 
bino mouse. Bing and Mendel (56@) in- 
dicated that the albino mouse gave a 
growth response to rice-polish concen- 
trate, a fact which was verified by 
Freudenberger and Cerecedo (57). The 
thiamin-deficient mice (56) survived 
about 3 weeks. Freudenberger and 
Cerecedo used a diet containing purified 
casein (31 percent), purified cornstarch 
(38 percent). Crisco (24 percent), salt 
mixture (7 percent), 200 mg. autoclaved 
yeast. and 2 drops of cod-liver oil daily, 
and found that weanling albino mice 
began losing weight in about 25 days. 
In 28 to 35 days definite symptoms of B 
avitaminosis were manifest, such as 
noticeable loss in weight, arched back, 
and darkening of the tail. 

The first quantitative study of the 
pure thiamin requirements of young 
weanling albino mice was made by 
Hauschildt (58) using a basal diet of 
extracted casein (18 percent), sucrose 
(65 percent), butterfat (2 percent). cod- 
liver oil (1 percent), Osborne and Men- 
del salt mixture (4 percent), and auto- 
claved bakers’ yeast (10 percent). The 
thiamin was added to the basal diet after 
a 9-to-1l-day depletion period. Main- 
tenance of body weight was obtained at 
a level of 5 y thiamin per mouse per day, 
suboptimal growth at a level of 7 y or 8 y 


® Morris, H. P.: Unpublished data. 


daily, and essentially normal growth at 
10 y daily. Using a diet containing 20 
percent Crisco, 18 percent vitamin-free 
casein, and 55.5 percent sucrose, 4.5 per- 
cent salt mixture, 1 percent corn oil 
fortified with vitamins A and D, and 1.0 
percent of wheat-germ oil plus crystal- 
line vitamins of the B group,’ Morris 
and Dubnik* found that adult normal 
C3H mice could somewhat more than 
maintain their body weight on 5.6 y 
thiamin daily, but at an intake of 2.5 
y—3.0 y daily they gradually lost weight. 
Young weanling mice of the same strain 
and diet required an average of 4.1 
daily for maintenance of body weight 
and were unable to maintain body 
weight for any extended period of time 
below that level on intake. The animals 
were not depleted in thiamin prior to 
feeding at the different levels. These 
results suggest that the requirements of 
young mice on a high fat diet is some- 
what less than on the low fat-higher 
carbohydrate diet of Hauschildt. 

Woolley and White (59) described a 
fatal disease in weanling mice follow- 
ing the feeding of the pyridine analogue 
of thiamin [2-methyl-4-amino-5-pyri- 
midylmethyl - (2 - methyl - 3 - hydroxy - 
ethyl) pyridinium bromide]. The name 
“pyrithiamine” was given this com- 
pound for the sake of brevity. 

The disease was characterized by 
failure of the mice to grow or by loss in 
weight without severe anorexia. On the 
fourth or fifth day they became very in- 
active and assumed a hunched posture. 
Tremors and convulsions followed and 
were particularly marked after the ani- 
mals had been picked up by the tail. 
Spasticity, especially of the legs, was 
observed, the mice were unable to stand 
erect on their hind legs, and a violent 
jerking of the head backwards was fol- 
lowed by inability of the legs to sup- 
port the body: death occurred within 
24 hours. No mice survived longer than 
3 days after the onset of symptoms. 

Relatively large amounts of pyrithia- 

* Morris, H. P.: Unpublished data. 

1” Morris, H. P., and Dubnik, C. S.: Normal and 
tumor growth in strain C3H mice deficient in 


thiamin. Presented at Proc. Am. Chem. Soc., New 
York, Sept. 11-15 (1944). 
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mine were required to produce the symp- 
toms which usually developed before 
thiamin depletion of the animal." This 
suggests that the symptoms may be those 
of toxicity which are relieved by admin- 
istration of thiamin. 

It was claimed that the mice were 
maintained on an adequate diet although 
the thiamin intake was only 1.6 y per 
mouse per day or roughly one-third of 
the amount found essential * for main- 
tenance of body weight in young mice. 
It seems significant that no symptoms 
developed in mice which received 2.0 
or more of thiamin per day. It is there- 
fore difficult to interpret these results 
because of the low thiamin content of 
the diet. 

Morris and Dubnik devised a techni- 
que for the forced feeding of mice by 
which it was possible to give the basal 
diet to thiamin-deficient mice. When 
animals whose thiamin stores had been 
exhausted, as indicated by failure to 
eat, were forcibly fed the same quantity 
of basal thiamin-deficient diet as they 
had consumed prior to developing the 
deficiency, they did not survive any 
longer than did animals allowed to eat 
the deficient diet ad libitum although 
the latter failed to consume an appreci- 
able amount of food after becoming 
deficient in thiamin. The forcibly fed 
animals maintained their weight while 
the others lost weight. It was found 
on necropsy of a number of these forei- 
bly fed mice that their stomachs and 
sometimes the small intestines were 
filled with food residues. Often the 
stomach in particular was much dis- 
tended. This condition seemed to indi- 
cate a failure of peristalsis resulting 
from the thiamin deficiency. Dick and 
Hege (60) demonstrated that the peri- 
stalsis of the intestines of rats deficient 
in thiamin is increased and the rate of 
tonus loss retarded within 10 minutes 
after the addition of thiamin. The 
total effect of thiamin on improving 
bowel action may not be directly on the 
intestine although a direct effect was 
demonstrated (60). Inasmuch as the 


'' See footnote 10. 


distention of stomach and intestines was 
much less frequent * in the forcibly fed 
animals receiving thiamin, it seems 
probable that the failure of the thiamin- 
deficient animal to eat is caused at least 
in part by the inability of the bowel to 
function in peristalsis. 


PANTOTHENIC ACID 


Pantothenic acid was described and 
named in 1933 by Williams, Lyman, 
Goodyear, Truesdail, and Holaday (67) 
as an essential growth factor, bios, for 
yeast. Before its synthesis was an- 
nounced in 1940 (62), concentrates had 
been prepared from liver and yeast 
which showed the importance of this 
material in the nutrition of the chick 
(63). The importance of pantothenic 
acid in the nutrition of several species, 
including the mouse (3,5), quickly fol- 
lowed its synthesis (64-66). The first 
effect of a pantothenic acid deficiency in 
weanling mice was failure to grow, 
manifested about 1 week after the insti- 
tution of the deficient regimen (5). The 
young mice gradually lost weight, and 
their survival did not extend much be- 
yond 6 weeks. Adult mice showed a 
very rapid loss in weight on the panto- 
thenic acid-deficient regimen and a sur- 
vival of only 6 to 8 w eeks. 

About the fourth week on the defi- 
cient regimen characteristic changes 
were noted in the hair (5). Denuding 
occurred chiefly on the ventral surface, 
flanks, and hind legs. Frequently pre- 
ceding but occasionally following dep- 
ilation, a dermatosis developed which 
presented a scaly chalklike appearance 
grossly. Histologically, it was described 
(67) as a hyperkeratotic, desquamative 
dermatosis. When pantothenic acid 
was administered, recovery took place 
in about 10 days. During the latter 
part of the defic ‘ient state partial paraly- 
sis affecting the hind legs was noted. 
Histologic findings (67) “demonstrated 
that my velin degeneration occurs in the 
spinal cord, posterior roots, and sciatic 
nerves while the brain remains intact. 


13 See footnote 10. 
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The hemorrhagic adrenal cortical ne- 
crosis observed in rats (64, 66. 68,69) on 
diets deficient in pantothenic acid did 
not occur in C3H mice (67). It was 
suggested (47) that the shorter survival 
period of the mouse on a pantothenic 
acid-deficient diet may account for the 
absence of adrenal injury in this species. 
Williams (70) suggested that the 
adrenal cortex of the mouse has a more 
effective means of protecting itself 
against the deficiency than has the 
adrenal cortex of the rat. The fact that 
the adrenal cortex of the deficient mouse 
may appear normal does not mean that 
pantothenic acid is not required for the 
integrity of this tissue. 

Graying of the hair in C57 black mice 
deficient in pantothenic acid was re- 
ported by Gyérgy and Poling (7/). 
The fur became silvery gray or brown- 
ish, similar in color to the fur of the 
house mouse, after the mice had been 
from 3 to 5 weeks on the deficient regi- 
men. Definite effect on the depigmenta- 
tion of the fur and practical cure with 50 
to 100 y of calcium pantothenate daily 
were observed in 3 to 5 weeks. After 
several months on the synthetic diet sup- 
plemented with pantothenic acid, a scaly 
dermatosis, thinning of the pelt, and a 
change in the pigment of the fur were 
observed in both mice and rats. The 
addition of a highly purified biotin con- 
centrate resulted in definite and rapid 
improvement in the pigment of the fur. 
This effect was noted only when the 
biotin was given during the period of 
secondary changes in the fur after the 
initial achromothrichia had been re- 
lieved by pantothenic acid. 

The extensive alopecia in mice, ob- 
served by Norris and Hauschildt (72) 
on a diet low in pantothenic acid and 
inositol, was cured by Martin (72) by 
the addition of 150 y pantothenic acid to 
the diet daily, but the graying of the 
fur of Rockland strain black mice was 
not completely cured by pantothenic 
acid. These mice required the addition 
of another factor which was supplied 
by rice-polish factor II (73), although 
the specific nature of the factor was not 
determined. In the absence of panto- 


thenic acid from the diet (which was 
low in thiamin and contained a border- 
line amount of pyridoxine), Woolley 
(74) observed that the tissues of mice 
fed inositol were deficient in this sub- 
stance: but when pantothenic acid was 
restored to their diet, the inositol was 
back to normal in 3 days. 

The requirement of the mouse for 
pantothenic acid was determined on two 
strains, albino weanling mice (3) and 
strain C3H mice (5). By daily injec- 
tion of calcium pantothenate Sandza 
and Cerecedo (3) concluded that the 
mouse requires about 30 y of d-calcium 
pantothenate daily. Morris and Lip- 
pincott (5) fed the d-calcium pantothen- 
ate in the diet and found that the inges- 
tion of 23 to 29 Y daily pre duced as a vod 
growth as that in animals ingesting over 
200 y daily. The two observations are 
in substantial agreement indicating that 
animals with pigmented coats do not re- 
quire more pantothenic acid than al- 
binos and that there is a probable uni- 
formity of requirements in different 
strains. Furthermore, the oral was as 
effective as subcutaneous administra- 
tion. 

Snell, Chan, Spiridanoff, Way, and 
Leake (75) reported that a disease re- 
sembling pantothenic acid deficiency 
could be produced in laboratory strains 
of mice by the oral administration of 
pantoyltaurine N-(a, y-dihydroxy-p. B- 
dimethylbutyryl)-taurine. This com- 
pound is the sulfur analogue of panto- 
thenic acid and structurally related to it. 
The authors reported cessation of 
growth in 3 to 4 weeks, roughened hair, 
the appearance of porphyrin deposits in 
the whiskers, and behavior symptoms 
similar to those described for mice (/). 
The authors concluded that it is proba- 
ble that pantoyltaurine interferes spe- 
cifically with the metabolism of panto- 
thenic acid in animals, a hypothesis 
similar to that advanced by MecIlwain 
(76,77) that in bacteria by virtue of its 
structural similarity pantoyltaurine 
competes with the utilization of panto- 
thenic acid. Other workers with mice, 
hamsters (78), and rats (79) were un- 
able to secure evidence of any antago- 
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nism between pantoyltaurine and panto- 
thenic acid. 

In a study of pantothenic acid-defici- 
ent chicks, Snell and his co-workers 
(80) concluded that every tissue became 
deficient. If the tissues of other ani- 
mals are affected in the same way, then 
the many symptoms which Williams 
(70) observed during the deficient state 
could be explained on the basis of the 
inability of any given tissue to retain 
its integrity under the stress of inade- 
quate supplies of pantothenic acid. 
Without doubt, this vitamin because of 
its wide distribution in nature must be 
of great importance to cellular metabo- 
lism, and future studies may indicate a 
significant role of pantothenic acid in 
neoplas la. 


PYRIDOXINE 


Foy and Cerecedo (817) found that 
weanling albino mice on a pantothenic 
acid-pyridoxine-deficient diet showed 
no growth response to the addition of 
pyridoxine. However, after a period of 
3 weeks in which no growth occurred 
when pantothenic acid but not pyridox- 
ine was included in the diets, the addi- 
tion of pyridoxine resulted in a prompt 
growth response. Morris ** found that 
young weanling C3H mice on a syn- 
thetic diet cont: lining over 20 percent 
fat are unable to grow in the absence of 
pyridoxine. The supplementation of 
the diet with 0.5, of pyridoxine 
per gram of food gave a growth re- 
sponse about half normal. The addition 
of 1.0 y per gram of food produced as 
good growth as did either 2.5 or 5.0 y 
The average daily pyridoxine sntebe 
at a 0.5 y level of supplementation was 
approximately 1.25y; while at the 1.0y 
level, the average di uly intake was ap- 
proximately 2.50 y. Adult mice of the 
C3H strain also require pyridoxine to 
maintain body weight. In the absence 
of this vitamin, there was an immediate 
and continuous loss in body weight for 
a period of about 7 weeks, beyond 
which the animals were usually unable 
to survive. When pyridoxine was add- 


* Unpublished data. 


ed to the diet after 5 weeks of continuous 
loss in weight amounting to 17 percent 
of the initial weight, there was a prompt 
response and complete recovery of in- 
itial weight in a period of a week. 

The deficiency of vitamin Bg, or pyri- 
doxine, in the rat results in a specific 
symmetrical dermatitis, or acrodynia 
(82). This rat acrodynia is characteriz- 
ed by localization of dermatitis on the 
peripheral parts of the body, particu- 
larly the paws, ears, and nose, which dis- 
tinguishes it from other types of derma- 
titis in this animal caused by vitamin 
deficiencies. This specific lesion has 
not been observed in pyridoxine-de- 
ficient mice *° (81). The clinical pic- 
ture in adult C3H mice which were able 
to survive for 8 weeks on pyridoxine-de- 
ficient diets is characterized by lifeless, 
necrotic tails, ears covered by a scaly en- 
crustation, loss of hair, especially in en- 
crusted areas over forehead and should- 
ers, underside of neck, and along the 
ventral surface; the hind legs are car- 
ried forward with some difficulty, and 
the animals appear to walk stiff-legged. 

Birch (83) suggested that pyridoxine 
is connected with the utilization of un- 
saturated fatty acids, and McHenry and 
Gavin (84) suggested, with inadequate 
proof, that pyridoxine is needed by the 
rat in the synthesis of fat from protein. 
By means of heavy water, Bernhard. 
Steinhouser, and Bullet (46) showed 
that the rat is unable to use pyridoxine 
to influence the synthesis of the highly 
unsaturated essential fatty acids. Fits 
resembling epilepsy on pyridoxine-de- 
ficient diets have been described by sev- 
eral investigators in a number of species 
but have not been reported in the mouse. 


NIACIN 


Niacin appears to function mainly as 
a part of enzyme systems which trans- 
port hydrogen in protein and carbo- 
hydrate metabolism. 

While it is established (85, 86, 87) 
that the rat needs niacin, no experiments 
on the need of the mouse for this vita- 


15 Morris, H. P. : Unpublished data. 
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min have been reported. Since the 
nutritional requirements of the mouse 
appear to be much like those of the rat, 
it seems logical to assume that the mouse 
also requires niacin. Routh and 
Houchin (88) report loss of weight and 
death in the hamster on a nicotinic acid- 
free diet. Variable clinical symptoms, 
such as rough stringy fur, denuding, 
and an abnormal mouth condition, were 
observed, most of which disappeared on 
the daily administration of nicotinic 
acid. The rat apparently has no dietary 
need for niacin, for as Dann and Kohn 
(S9) suggested, the rat is apparently 
able to synthesize its own requirements. 
It seems probable from the work of Huff 
and Perlzweig (90) that most of the 
synthesis of niacin occurs in the organs 
or tissues of the animal and not from 
the synthesis effected by micro-organ- 
isms in the intestinal tract. Further, 
the simplest of ammonium salts, amines, 
and amino acids may serve as precursors 
of niacin in the rat. Whether the same 
holds for the mouse is not known. 


FAT-SOLUBLE VITAMINS 


The idea that vitamins are metabo- 
lism regulators for mice was suggested 
by Groebbles (97). That vitamin A is 
essential for the growth of the mouse 
was also reported by Groebbles (4.2, 93) 
and by Beard (94), but the diet used 
(94) probably contained sufficient vita- 
min A to prevent the development of 
xerophthalmia which was regularly 
produced in the rat by the same diet. 
Spinka (95) produced keratomalacia in 
mice in about 50 days. Later, Pomerene 
and Beard (96) concluded that the pro- 
tective action of vitamin A against the 
development of xerophthalmia in mice 
and rats is quantitatively different and 
that mice require less than rats. Wolfe 
and Salter (97), on the other hand, were 
able to show that young mice develop 
vitamin A deficiency in about 25 days 
as characterized by changes in the 
epithelium. The mice also developed 
eye symptoms in 25 to 120 days. The 
severity of symptoms was slight, how- 
ever, when compared with the changes 


undergone by other structures of the 
body. Male mice also developed testicu- 
lar degeneration. 

The most striking effect of vitamin A 
deficiency in the mouse is upon epithe- 
lial structures (97, 98). First appears 
an atrophy of the epithelium identical 
in appearance in all locations and aris- 
ing from focal proliferation of basal 
cells. The withdrawal of vitamin A 
results in a common effect on epithelial 
structures which Wolbach (98) called 
keratinizing metaplasia. Ypsilanti (99) 
reported that large doses of vitamin A 
in mice cause hypervitaminosis and 
death, with relatively little of the his- 
tologic change seen by Wolbach and 
Bessey (100) in other species because of 
hypervitaminosis A especially in decal- 
cification of bone. 

There is a lack of experimental inves- 
tigations of the quantitative require- 
ments of mice for vitamins A and D. 
The A requirements can probably be 
estimated fairly well from the results on 
other species according to Rosenberg 
(101), who reported that the vitamin 
A requirements of adult mammals can 
be estimated from their body weight. 
A number of species appear to show a 
minimum daily requirement allowing 
for no storage of 25 y of B-carotene or 
of 4 y of vitamin A per kilogram of 
body weight. If the weight of an adult 
mouse is taken as 3314 gm., then the 
daily requirement for the adult mouse 
would be one-thirtieth of these figures. 
For growth and reproduction, at least 
three times the values of vitamin A and 
five times the minimum amount of £- 
‘arotene should be allowed. 

Much research has been done on vita- 
min D, mostly on the rat (101), which 
has an unusually low requirement for 
this vitamin. On a normal diet deficient 
only in vitamin D, young rats do not 
develop classic rickets. To produce a 
rachitic condition, it is necessary to have 
a disproportion between calcium and 
phosphorus in the diet. That the mouse 
reacts in the same way as the rat to a 
deficiency of vitamin D was reported by 
Beard and Pomerene (102). They 
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found that mice develop rickets more 
quickly than rats and are cured sooner. 

Proof of the existence of vitamin E 
is based primarily upon the characteris- 
tic impairment of reproduction. This 
impairment was determined by observa- 
tions on rats reared on highly purified 
diets deficient in this vitamin but ade- 
quate in all other respects. Attempts 
to induce a stage of vitamin E depletion 
in the mouse appear to have been de- 
scribed first in the early studies of Beard 
(103). Beard used a diet containing 20 
percent of hydrogenated cottonseed oil 
(Crisco) known to be a very good source 
of vitamin E. The evident sterility 
which Beard observed in his animals of 
both sexes cannot therefore be attrib- 
uted entirely to an inadequacy of the 
vitamin and must be explained on some 
other basis. Sterility in Beard’s female 
mice was characterized by a noticeable 
decrease in the number of litters pro- 
duced in comparison with mice main- 
tained on the stock diet, and pregnancy 
was based upon weight changes in the 
animal and was not verified by the vag- 
inal-smear technique. No examina- 
tions, either gross or histologic. for evi- 
dence of fetal resorption were made. In 
the male, sterility was characterized by 
infrequency of fertile matings when the 
male was placed with normal females 
and by degenerative changes observed 
in the ger minal epithelium ‘of the testis. 
Mason (Bryan and Mason (104)) ex- 
amined histologically preparations of 
the testis from Beard’s mice and was 
of the opinion that the injury observed 
resembled that encountered in the vita- 
min E-deficient rat. However, the evi- 
dence was not conclusive and was not 
supported by attempts to repair the 
testicular damage. which in the light of 
our present knowledge would have of- 
fered a ready means of determining 
whether the limiting factor was a lack 
of vitamin E. Bryan and Mason used 
mice (strain not stated) of the breeding 
colony for their studies. The deficient 
diet was effective in producing early 
sterility in male and female rats (105). 
The female mice on the diet low in vita- 


min E were successfully inseminated at 
an average age of 70 days. Such female 
mice reared on a modified vitamin E-de- 
ficient diet containing 5 percent Crisco 
in place of lard, which represented one- 
fourth the concentration of Crisco used 
by Beard, permitted delivery and lac- 
tation of normal litters. When the 
mice of the breeding stock were main- 
tained on diets relatively rich in vita- 
min E and the litters were allowed ac- 
cess to this diet during lactation, Bryan 
and Mason observed that the diet per- 
mitted one or two pregnancies before 
the animals became sufficiently depleted 
in the vitamin to develop the typical 
resorption gestation. This first-litter 


. fertility occurred in rats under similar 


conditions, and the histopathologic 
changes observed in these resorption 
sites resembled in every way those en- 
countered in the vitamin E-deficient 
‘at. Bryan and Mason also found that 
the minimum amount of synthetic 
a-tocopherol fed to obtain all posi- 
tive responses at the first pregnancy was 
350 y. A positive response implied 
either the presence of two or more living 
fetuses on the sixteenth day of preg- 
nancy or the delivery of litters at full 
term. This is about one-half the amount 
which Mason (105) found to be required 
by the rat for a similar response. Steril- 
ity was also prevented by feeding nat- 
ural sources of vitamin E (wheat-germ- 
oil concentrate). Bryan and Mason’s 
efforts to induce sterility in the male 
mouse were a complete failure; after 
100 to 400 days of feeding the deficient 
diet, no instance of testicular degenera- 
tion was found. If the male mouse re- 
quires vitamin E at all, it must be in 
quantities very much less than those 
needed by the female. Under similar 
experimental feeding, rats will show 
changes in from 35 to 50 days. 

Goettsch (106) used young female 
mice from a stock colony maintained on 
Purina chow and reared on a vitamin E- 
deficient diet from the time of weaning, 
2idays. It was more difficult to deter- 
mine positive matings in the mouse than 
Evans and Burr (107 ) described for the 
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rat, because the vaginal plug in the 
mouse apparently does not remain in 
place so long, nor are sperm very often 
found in the smears after the plug has 
dropped out. Positive matings were 
demonstrated in about two-thirds of the 
mice. The other third were pregnant as 
determined by the absence of estrus and 
the presence of the “placental sign” in- 
dicated by the presence of erythrocytes 
in the smear on the twelfth day after 
mating. Litters were cast on the twen- 
tieth day of pregnancy. In cases of re- 
sorption gestations, there was a gradual 
body-weight loss of from 2 to 8 gm. be- 
tween the eighteenth and twenty-second 
day. After the first 10 days of lacta- 
tion, all young were observed daily for 
symptoms of muscular dystrophy. The 
mean body weight of 35 females at 60 
days was 25.0+3.4gm. The first estrus 
occurred at 32.6 + 4.6 days and varied 
between 6 and 14 days. Subsequent 
cycles were regular and varied between 
4 and 6 days, with a mean length of 5.5 
+ 1.7 days. 

These results agree with those ob- 
tained by Evans and Bishop (108) in 
female rats on diets low in synthetic E. 
Goettsch’s determinations were based on 
the response of sterile female mice to 
single doses of a-tocopherol given at the 
beginning of gestation. The experi- 
ments were conducted with 7 gener- 
ations in which no differences were ob- 
served. A dose of 0.25 mg. a-tocopherol 
induced litters in 55 percent of 31 mice, 
of 0.50 mg. in 80 percent of 62 mice, and 
larger number of litters with 1 or 2 mg. 
The older mice apparently required 
somewhat more vitamin E. The mini- 
mum amount of a-tocopherol which per- 
mitted the birth of young to at least 85 
percent of mothers was approximately 
0.5 to 1 mg. under the given experimen- 
tal conditions. This value is higher 
than that reported for the mouse by 
Bryan and Mason (104) and roughly 
one-third of the amount reported as re- 
quired for the rat by Evans, Emerson, 
and Emerson (709). By using the sur- 
face area formula of Meeh and the con- 
stants of Rubner, the body surfaces of a 


200-gm. rat and a 25-gm. mouse were 
determined by Goettsch. The surface 
area of the mouse was about one-third 
as great as that of the rat, suggesting 
that the requirement for a-tocopherol 
for the prevention of resorption during 
gestation is similar for the rat and 
mouse, when based on surface area. No 
symptoms of paralysis were observed in 
young mice. 

At necropsy, however, the muscle 
seldom appeared normal. Occasionally 
it had a cheesy consistency or was 


streaked with yellowish gray. Micro- 
scopically, Pappenheimer (//0)  re- 


ported hyalin necrosis of these muscle 
fibers with early calcification and active 
regeneration. Muscle lesions were occa- 
sionally found in older mice. The per- 
centage of young animals showing this 
microscopic lesion was not determined 
because no clinical symptoms appeared. 
Only about 15 percent of the young 
showed clinical symptoms, whereas in 
the rat under similar conditions muscu- 
lar dystrophy occurs in 90 percent of the 
young animals between the seventeenth 
and twenty-third day of lactation. The 
preventive effect of a-tocopherol in 
mice was not investigated. 

Goettsch (106) found no difference 
in growth of males in any generation on 
the low vitamin E diet or in animals 
whose diet was supplemented with 
wheat-germ oil or a-tocopherol when 
compared with controls on the stock 
diet. Male mice, therefore, respond dif- 
ferently from male rats on a diet low 
in synthetic vitamin E, for in the male 
rat growth is invariably retarded and is 
restored by addition of vitamin E 
(Evans and Burr (/07)). The male 
mice (1/06) became sexually mature at 
an average age of 60 days and did not 
appear to be affected by the presence or 
absence of vitamin E. Lesions without 
symptoms of muscular dystrophy may 
occur at any age in the mouse, occasion- 
ally in the newborn and in adults, but 
to an extent of 15 percent or more in the 
young during the first 35 days of life. 
Males retain their fertility and never 
develop testicular degeneration. 
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Cerecedo and Vinson (1/1) observed 
numerous cases of muscular paralysis 
and incoordination in young mice from 
females reared on a diet having the fol- 
lowing percentage composition: casein 
17; salts, 5; Crisco, 4; lard, 3; cod-liver 
oil, 3; sucrose, 58; and brewers’ yeast, 
10. The syndrome was characterized by 
a tilting of the head to one side, inability 
to run in a straight line, and a frequent 
tendency to move backwards. In some 
animals, muscular paralysis developed 
just before weaning. In several cases 
these symptoms disappeared after wean- 
ing, but for the most part they remained 
throughout life. Twenty milligrams of 
a-tocopherol per kilogram of diet al- 
most completely prevented development 
of symptoms. Increasing the protein 
of the diet to 25 percent also had a 
similar effect. 

Previous failures to obtain these 
symptoms in mice deficient in vitamin 
E may be related to the high protein 
level of the diets used. Cerecedo and 
Vinson believed that their findings in- 
dicate a relation between vitamin E and 
protein metabolism. 


VITAMIN K 


Murphy (112) published limited 
data which she suggests indicate that 
a vitamin K deficiency can be produced 
in mice. Mice were fed a basal diet 
consisting of dried egg albumin, 61 per- 
cent; cornstarch, 27 percent; brewers’ 
yeast, 5 percent; salt mixture, 4 per- 
cent; cod-liver oil, 2 percent; and agar 
1 percent. The bleeding time of mice 
fed this diet was increased in animals 
on the stock diet from 4.6 to 10.8 min- 
utes. When this basal diet was supple- 
mented with alfalfa extract, a good 
source of vitamin K, the bleeding time 
of another group of mice was reduced 
to 4.8 minutes. The secretion of large 
amounts of bile salts by animals on 
this high-egg-albumin diet was not af- 
fected by the alfalfa extract. The re- 
sults are not striking but indicate that 
further work needs to be done on vita- 
min K deficiency in the mouse. 


INOSITOL AND OTHER FACTORS 


A dietary antialopecia factor was de- 
scribed by Woolley (773) and later 
identified by him (/14) as inositol, 
which is claimed to be essential for the 
maintenance of the hair of the Rocke- 
feller Institute strain of albino mice 
(this strain is probably a random-bred 
stock) (6). The diet (773), which was 
deficient in pantothenic acid, consisted 
of vitamin-free casein, 18 percent; 
sucrose, 75 percent; salt mixture, 5 per- 
cent; cod-liver oil, 1 percent; and corn 
oil, 1 percent. The following were 
added per gram of this basal diet: 
thiamin, 2 y; riboflavin, 5 y; niacin, 
10 y; pyridoxine, 2 y; A-alanine, 
10 y; and choline, 10y. Growth usually 
ceased in young weanling mice in about 
4 weeks on this diet. Hauschildt (58) 
reported that with a low fat diet, such 
as the foregoing, 5 y thiamin daily per 
mouse is adequate only for mainten- 
ance of weight in young mice. Woolley 
(113, 114) did not report the food in- 
take, but it seems likely that his diet 
would supply about a maintenance 
amount of thiamin, which could be a 
factor involved in the failure of the 
animals to grow. Following failure of 
growth, the animals developed an 
alopecia except for the head and base 
of tail. The denuded areas became 
scaly and red, and death resulted in 2 to 
3 weeks. A small percentage of the ani- 
mals showed evidence of a nervous 
involvement with some muscular inco- 
ordination. This condition was ap- 
parently not due to the same factor 
that prevented loss of hair because it 
could be cured by a fraction of liver ex- 
tract. Gain in weight was also associa- 
ted with restoration of hair growth. 

Woolley further reported (775) that 
some mice showed spontaneous restora- 
tion of hair when pantothenic acid was 
added to the diet. Subsequently, he 
showed (116) that the inositol content 
of mice increased from about 4 mg. at 
weaning to 11 or 12 mg. per mouse 6 
weeks later. The addition of panto- 
thenic acid to the diet resulted in in- 
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creasing the inositol content of the mice 
that had recovered from alopecia but 
not in the animals that failed to recover 
The culture of bacteria from the intesti- 
nal tract of the denuded mice which had 
not exhibited spontaneous cures pro- 
duced much less inositol than from those 
that had recovered from alopecia (74, 
115, 116). In the absence of panto- 
thenic acid from the diet, mice fed ino- 
sitol were deficient in this substance; 
but when pantothenic acid was restored 
to the diet, the inositol content returned 
to normal in 3 days. The exact diet 
used was not given; but presumably it 
was the same as previously described 
and was low in thiamin. Neither were 
the food-intake values given. When the 
animals showed a very precipitous drop 
in weight, there was probably a con- 
comitant lower food intake. 

Martin (717) reported that the addi- 
tion of inositol to a synthetic diet of rats 
produced a syndrome alleviated by 
p-aminobenzoic acid; conversely, 
p-aminobenzoic acid added to the diet 
resulted in a syndrome alleviated by 
inositol. Neither seems to be essential 
for the rat but affects the bacterial flora 
of the intestines. The spontaneous 
cures of alopecia in mice reported by 
Woolley probably involve synthesis of 
inositol by microorganisms in the ali- 
mentary canal. This synthesis, accord- 
ing to Martin, may be prevented by 
p-aminobenzoic acid. C3H mice on a 
synthetic diet (5) have not been ob- 
served to develop this alopecia which is 
relieved by inositol. The higher level 
of thiamin used may be a factor. for 
Morris * found that arrested growth in 
C3H mice on a suboptimal level of thi- 
amin may be partially restored by ino- 
sitol. It may be that the inositol favors 
the growth of microorganisms which 
synthesize some thiamin in the digestive 
tract. 

Growing rats given a diet containing 
1 percent succinyl-sulfathiazole (1/8) 
developed a symmetrical alopecia after 
several weeks. Inositol supplementa- 
tion prevented the alopecia and stimu- 


% Unpublished data. 


lated growth, a fact which further indi- 
cates that the intestinal flora must not 
be neglected in determining the nutri- 
tional requirements of the host. 

The role of folic acid and sulfon- 
amides in the nutrition of the mouse has 
vet to be established. 


ACHROMOTRICHIA 


Gerstl, Lustig, and Goldfarb (119, 
120) found that adult C57 black male 
mice are more susceptible to graying 
than are females of the same strain. 
The administration of theelin (7/27) 
seemed to reduce the extent of graying 
of the males, but testosterone dipropi- 
onate was without effect on the graying 
in the females. p-Aminobenzoic acid 
and pantothenic acid alone or in com- 
bination did not prevent or cure graying 
in this strain of mice (120). 


INADEQUACY OF SYNTHETIC DIETS 


Troescher-Elam and Evans (177) re- 
ported rather unsatisfactory growth in 
albino mice fed a synthetic diet consist- 
ing of extracted casein, 20 percent; su- 
crose, 67 percent; salt mixture, 5 per- 
cent; cod-liver oil, 3 percent; corn oil, 
2 percent; and butterfat, 3 percent. 
Vitamin supplements were supplied 
each mouse six times weekly as follows: 
thiamin, 10y; riboflavin, 25y; pyridox- 
ine, 10y; calcium pantothenate, 100y; 
niacin, 1007; choline, 4 mg; ascorbic 
acid, 800y : inositol, 3 mg.; and p-amino- 
benzoic acid, 1.5 mg. The vitamins 
were given in 2 ec. of 5 percent ethyl 
alcohol as a_ separate supplement. 
Fresh liver and liver extract when 
added to this diet caused somewhat bet- 
ter growth and a better appearance of 
the fur. Increasing the casein and salt 
content or doubling the vitamin supple- 
ments failed to improve the growth of 
mice. Pimelic acid had no significant 
beneficial effect on growth or pelage. 
Morris noted that mice generally do not 
accept separate supplements as readily 
as rats. Troescher-Elam and Evans 
failed to give the food intake of their 
animals, and it is difficult to explain the 
cause of their failure to secure satisfac- 
tory growth and pelage. 
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PANCREAS RESIDUE 


The food consumption and rate of 
srowth of rats were found by White and 
Sayers (122) to be greater on a diet 
containing pancreas residue, an effect 
which was still apparent after 20 
weeks, and considerably greater than 
when commercial casein was used. 
Bosshardt and his co-workers (123) con- 
firmed the results of White and Sayers 
with studies on albino mice. Using 
other types of diets, Bosshardt and his 
co-workers claimed they obtained evi- 
dence that the factor responsible for the 
accelerated growth is not protein or one 
of the recognized food factors. 

One report on the successful rearing 
of C57 black mice through the second 
generation is that of Rogers, McElroy, 
and Cowgill (724). They were unable 
to duplicate the reproductive results on 
another strain. The diet used was some- 
what similar to that of Troescher-Elam 
and Evans, but it contained in addition 
3 percent of rice-polish-filtrate factor 
II which possibly contains factors that 
are as yet unknown but are essential for 
reproduction and lactation in the 
mouse, 

ASCORBIC ACID 


The mouse has been regarded as being 
independent of an external source of 
ascorbie acid. It seems probable that 
this species in common with other ro- 
dents requires ascorbic acid but that it 
is usually able to synthesize this sub- 
stance in adequate amounts for its needs. 
Kleiner and Tauber (725) fed pregnant 
inice a diet low in this vitamin, which 
consisted of 240 gm. of rolled oats, 30 
gm. heated skim milk (heated at 37.8° 
C. until light brown in color), 10 mg. 
cod-liver oil, and 1 gm. salt. The off- 
spring from mothers fed the foregoing 
diet supplemented with 266 mg. of 
freshly prepared synthetic /-ascorbic 
acid per kilogram of diet, grew more 
rapidly after weaning than did the off- 
spring of mothers on the unsupple- 
mented diet. No histologic differences 
were observed in the young mice on the 
diets low in or supplemented with ascor- 
bic acid although Kleiner and Tauber 
claimed that their animals on the low 


ascorbic acid diet were very sensitive to 
touch up to about 8 weeks of age, after 
which time they appeared normal. In 
further experiments, these authors re- 
ported that mice fed a synthetic diet 
containing 10 percent ascorbic acid made 
less than one-fourth the normal gain 
for mice fed only the synthetic diet. 
Kleiner and Tauber suggested that the 
failure of their mice to grow on such 
large amounts of the vitamin, in spite of 
increased food intake, might be the re- 
sult of a speeding up of metabolism to 
an unusual degree, although they of- 
fered no experimental proof for this 
supposition. According to Ball and 
Barnes (126) ascorbic acid has no effect 
on growth rate or food intake in strain 
A mice. 

Woolley and Krampitz (127), who re- 
ported that the feeding of glucoascorbic 
acid (2, 3-enediol-d-glucoheptone-1, 4- 
lactone), a homologue of ascorbic acid, 
caused a condition in mice resembling in 
some respects the characteristic symp- 
toms of scurvy as seen in species of sus- 
ceptible animals. A synthetic diet was 
fed to weanling mice composed of vita- 
min-free casein, 18 percent; sucrose, 75 
percent ; Phillip-and-Hart salt mixture, 
5 percent; and corn oil enriched with 
vitamins A, D, E, and K, 1 percent; 
Vitamins were added per kilogram diet 
as follows: thiamin, 2.0 mg.; riboflavin, 
5.0 mg.; pyridoxine, 2.0 mg.; niacin, 100 
mg.; calcium pantothenate, 20.0 mg.; 
choline, 100 mg.; and inositol, 1.0 gm. 

When 10 percent of glucoascorbic 
acid was added, the weanling mice not 
only failed to gain but lost weight at an 
average rate of 2.0 gm. per week; with- 
in 2 weeks 100 percent developed 
diarrhea, and the anal region became 
irritated and swollen. Extensive sub- 
cutaneous hemorrhages appeared first 
on the chest, then on legs, tail, sides, and 
the gingiva, especially below the lower 
incisors. The wrists and knees became 
swollen and the legs edematous. The 
teeth, however, were not loosened. At 
necropsy after the second week, the 
lungs, joints of the legs, and ribs were 
a fiery red. Adult mice reacted in the 
same way as the young animals, but 
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more time was required to produce the 
same clinical symptoms. 

Most of the animals survived when 
only 5 percent glucoascorbic acid was 
added to this synthetic diet and after 
about 2 weeks began to grow and exhibit 
other signs of spontaneous cure. No 
symptoms were produced by 5 percent of 
sodium araboscorbate, which is the same 
compound as ascorbic acid with the con- 
figuration about carbon 5 reversed. Ten 
percent glucoascorbic acid produced no 
symptoms when added to a diet of nat- 
ural foodstuffs. Woolley and Krampitz 
were unable to cure the symptoms with 
ascorbic acid, which makes it seem im- 
probable that they were dealing with a 
true scurvy. Further experiments need 
to be done to determine the ascorbic acid 
content of the tissues of mice fed gluco- 
ascorbic acid after they have developed 
the clinical symptoms described. It 
seems rather unlikely that the effect of 
the compound is to interfere with the 
synthesis of ascorbic acid in vivo because 
ascorbic acid cannot prevent or cure 
the condition. More recently Woolley 
(128) reported the production of a dis- 
ase Within 10 days in guinea pigs re- 
ceiving a synthetic diet+5 percent glu- 
coascorbie acid. The animals failed to 
grow, developed diarrhea, alopecia, and 
mild hemorrhage, and died. The dis- 
ease Was prevented by 1 mg. ascorbic acid 
per day. Woolley regarded the disease 
as an ascorbic acid deficiency not only in 
guinea pigs but also in mice and rats. 

It is well known that ascorbic acid has 
the property of detoxifying harmful 
compounds; furthermore, Rudra (129, 
130) postulated that traces of manga- 
nese are essential for the synthesis of 
ascorbic acid from sugars. It is not 
apparent at present that manganese is 
essential for the metabolism of ascorbic 
acid in the animal organism since pro- 
nounced manganese deficiency in the 
rat (35) did not reduce the ascorbic 
acid content of tissues. It would be 
interesting to determine if manganese 
has any relation to the scurvylike symp- 


toms described by Woolley and Kramp- 
itz in mice. 


REPRODUCTION AND LACTATION 
Nakahara, Inukai, Ugami, and Tak- 


ahashi (13/7) reported the existence of 
specific vitamins essential for lactation 
in the mouse as well as the rat which 
these authors designate L, and L.. 
Factor L, can be isolated from the liver, 
while factor L. can be obtained from 
bakers’ yeast. The diet they used to 
show the need for lactation vitamins in 
the mouse consisted of polished rice 
powder, 75 percent ; fish protein, 10 per- 
cent; salt mixture, 5 percent ; and a non- 
adsorbable fraction of liver and dried 
bakers’ yeast. Too few animals were 
used in their experiments to prove con- 
clusively the need of mice for these fac- 
tors. Nakahara, Inukai, and Ugami 
(132) believed that vitamin L may be 
needed for the establishment or matu- 
ration of the lactation mechanism; and 
once this mechanism is established, this 
vitamin may no longer be required or 
be required in less amounts. They also 
believed (731) that the vitamin L re- 
quirements for mice are less than for 
rats and recommended (72.3) that virgin 
animals be used for the test since vita- 
min L usually occurs naturally in as- 
sociation with the B complex. The 
source of vitamin B complex in the diet, 
they held, is especially important. In 
a later paper (134) they claimed that 
brewers’ veast extract contains both L, 
and L. and that for the rat synthetic 
pantothenic acid is inactive and con- 
cluded that unidentified substances are 
especially needed for lactation in the rat 
in addition to all other dietary factors 
required for growth and lactation. 

Ball and Barnes (126) tested a num- 
ber of dietary substances for their ef- 
fect on lactation of strain A mice fed 
a basal synthetic diet on which better 
growth was obtained than on either a 
commercial dog chow diet or the com- 
mercial diet supplemented with lettuce 
and yeast. The basal synthetic diet 
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was inadequate for lactation; it was 
also inadequate when supplemented 
with either ascorbic acid or liver ex- 
tract. Dehydrated grass and wheat 
bran improved the basal diet for lacta- 
tion as measured by the percentage of 
young weaned. The commercial diet, 
either with or without supplements of 
lettuce, was superior to the basal diet, 
for lactation. The authors concluded 
that the enhancement of lactation 
caused by dried grass or wheat bran was 
not ascribable to increasing thiamin, 
riboflavin, pantothenic acid, factor W, 
or inositol. Ball and Barnes suggested 
that adult mice on a diet of natural 
foodstuffs were able to store some die- 
tary essentials for lactation which mice 
on the synthetic diet were unable to do. 
They reported that even 8 percent yeast 
in the synthetic diet was inadequate as 
a source of vitamins for lactation. Fol- 
lev, Henry. and Kon (135) observed 
subnormal lactation in rats on syn- 
thetic diets in the absence of factors 
which were thought might be especially 
required for lactation. 

The relation of large amounts of 
thiamin and manganese to fertility and 
lactation in the albino mouse was re- 
cently studied by Cerecedo and Vinson 
(136). Studies were carried out 
through three generations during which 
the commercial chow diet was supple- 
mented with large amounts of thiamin 
or thiamin and manganese. No dele- 
terious effects of thiamin were noted 
either on reproduction or lactation. 
Lactating females consumed as much as 
2 mg. of thiamin per day; during 
growth the average daily intake was 
625-670 y, probably nearly 100 times the 
minimal requirements. Perla (137) 
reported that large amounts of man- 
ganese chloride and thiamin, on the 
other hand, interfered with lactation in 
the rat. When the diet contained ex- 
cess thiamin, he noted a loss in maternal 
instinct, cannibalism, and progressive 
loss of fertility. These effects could be 
prevented, according to Perla and Sand- 
berg (138), by daily administration of 


manganese chloride. Sure (139) veri- 
fied the thiamin and manganese effect, 
while Williams and Spies (1) re- 
ported normal reproduction in rats 
through three generations on stock diets 
supplemented with relatively large 
amounts of thiamin. 

Successful growth, reproduction, and 
lactation in two strains of rats on a 
synthetic diet through four genera- 
tions was reported by Vinson and Cer- 
ecedo (141). The diet contained the 
following percentages: purified casein, 
30; salt mixture, 5; ruffex, 2; lard or 
Crisco, 10 or 15; sucrose to 100; and 
these vitamin supplements in milli- 
grams per kilogram of diet: thiamin, 
20: riboflavin, 20; pyridoxine, 20; pan- 


‘ tothenic acid, 40; choline, 500: a-toco- 


pherol, 20; A and D concentrate, 40. 
On this diet the mothers invariably lost 
weight during lactation but regained it 
after separation from their litters at 
weaning. 

Taylor, Pennington, and Thacker 
(742) noted an increase in litter size in 
= strain mice given large doses of 

‘aleium pantothenate either orally or by 
sais mal injection. The increased 
pantothenate was added to a diet com- 
posed of commercial dog chow. The 
experiments were conducted over a pe- 
riod of 33 to 50 days and involved a total 
of 38 litters produced by animals given 
increased pantothenate and 40 control 
litters. 

Foster, Jones, Dorfman, and Kobler 
(143) studied reproduction, lactation, 
and growth of mice fed a synthetic diet 
through 4 successive generations. They 
report 86 percent fertility in 73 matings 
on the synthetic diet, as compared with 
97 percent fertility in 74 control mat- 
ings, and an average litter size of 7.1 in 
the experimental diet group as com- 
pared with 7.4 for the controls. Eighty- 
five percent of the controls and an aver- 
age of 61 percent of the experimental 
litters in the 4 generations were weaned. 

The suckling mice were smaller than 
the controls throughout the nursing 
period. After weaning, the surviving 
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mice on the synthetic diet gradually at- 
tained a weight approximately equal to 
that of the controls, Foster and his as- 
sociates did not determine whether this 
lower growth rate of the young was the 
result of a decreased milk secretion of 
the mother or of an actual deficiency of 
some dietary factor which can be pro- 
duced by the bacterial flora in the in- 
testines or which may not have been 
present in sufficient amount in the 
mother’s milk. The strain of mice used 
was not stated. Certain inbred strains 
of mice are known to give poor re- 
production even on diets of natural 
foodstuffs, while most hybrid mice re- 
produce exceptionally well. 

Studies of dietary factors which af- 
fect reproduction and lactation would 
be more valuable if conducted on in- 
bred strains of mice commonly used in 
eancer research. Good progress has 
been made in ascertaining the nutri- 
ticnal requirements for reproduction 
and lactation in the mouse. These re- 
quirements, however, are not yet com- 
pietely known, and further studies are 
needed to establish the factor or factors 
essential for these important reproduc- 
tive functions. 


SUMMARY 


A review of the experimental work 
on the status of mouse nutrition reveals 
that in many respects the dietary re- 
quirements of the mouse and the rat are 
similar. The rat grows more rapidly 
than the mouse. The early recommen- 
dations that mice require high protein 
and high salt content in their dietary 
fer normal growth, reproduction, and 
lactation seem to have been predicated 
on the paucity of knowledge of the vita- 
min requirements of the species at that 
time. The slower growth of the mouse 
would suggest no greater needs for pro- 
tein and salts unless these constituents 
were used less efficiently or because of a 
more intense metabolism of the mouse. 
The essential amino acids required by 


the mouse for growth appear to be simi- 
lar to those required by the rat. 

Apparently the mouse, like the rat, 
is unable to grow normally and main- 
tain normal health in the absence of 
unsaturated fatty acids of the linoleic 
or linolenic acid series. 

Of the water-soluble vitamins so far 
studied, thiamin, riboflavin, panto- 
thenic acid, and pyridoxine are essential 
for growth and maintenance of adult 


weight. Niacin has not been critically 
studied. There seems to be some doubt 


regarding the dietary role of inositol. 
Under certain conditions, it does restore 
growth of hair in denuded animals. 
There appears to be present normally 
in the intestinal flora microorganisms 
which can synthesize this material, so 
that while it probably is essential in the 
tissues, it may be formed in sufficient 
amounts by these organisms if the diet 
contains an adequate supply of the other 
vitamins of the B-complex, especially 
pantothenic acid. 

The adrenal cortical hemorrhagic ne- 
crosis of the rat deficient in pantothenic 
acid has not been observed in panto- 
thenic acid-deficient mice. The specific 
acrodynia which develops in pyridox- 
ine-deficient rats apparently does not 
occur in the mouse. 

The male mouse apparently unlike the 
male rat does not suffer from testicular 
degeneration in vitamin E deficiency. 
The female mouse, on the other hand, 
uppears to react much like the female 
rat to a lack of this vitamin. 

Quantitative requirements of the 
mouse for some of the vitamins have 
been determined so far as growth. 
maintenance of adult weight, and re- 
production are concerned. 

Some of the morphologic lesions re- 
sulting from some vitamin deficiencies 
are described. 

Different pure strains of mice appear 
to respond in the same way to dietary 
deficiencies in so far as they have been 
studied. 
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PROPERTIES OF THE MOUSE MAMMARY-TUMOR AGENT 


By Howarp B. ANDERVONT, principal biologist and W. Ray Bryan, biologist, National Can- 
cer Institute, National Institute of Health, United States Public Health Service 


Experiments were performed to ob- 
tain knowledge of the properties of the 
milk influence, or agent, which is of 
prime importance in the genesis of mam- 
mary tumors in mice. The investiga- 
tions, which are reported herein, were 
designed (1) to ascertain physical and 
chemical properties of the influence, 
such as its resistance to heat and cold, 
survival in glycerin, and filterability, 
and (2) to study its biologic properties, 
such as infectivity by different routes of 
administration, presence in the milk of 
inbred strains, ability to produce tumors 
in heterozygous mice and neutralization 
by antiserums. 


MATERIALS AND METHODS 


Mice of strain C3H (7), a high-mam- 
mary-tumor strain, were used to supply 
milk and mammary-tumor tissue when 
these substances were desired as a source 
of the agent. Methods for procuring 
milk from lactating females by use of 
a tissue press or a milking machine were 
described previously(2). Mammary- 
tumor extracts were prepared by grind- 
ing fresh tumor tissue with sand in a 
mortar, diluting with 0.9 percent sodium 
chloride solution to give the desired 
concentration by volume of tumor tissue 
and clearing by centrifugation. De- 
tails are presented with the individual 
experiments. 

Hybrid mice derived by mating strain 
I females to strain C3H males were used 
as experimental animals (2) in most ex- 
periments. These are designated as 
hybrids hereafter. Strain C mice were 
employed in several investigations. In 
this laboratory strain C mice are a low- 
mammary-tumor strain (3) but reveal a 
high incidence of such tumors when ex- 
posed to the milk agent (4). All mice 
were used when 7 to 14 days of age. 


hours after birth. 


With one exception, the presence of 
the agent was determined by oral ad- 
ministration of measured amounts of 
the test materials. This was accom- 
slished by using a 1-ce. syringe and a 
leone’, curved, 22-gage needle (5). 
The young mice were removed from 
their mother for 1 or 2 hours before 
feeding. Those receiving 0.2 cc. were 
fed once, those receiving 0.4 cc. were fed 
two doses of 0.2 cc., with an interval of 
2 hours between feedings. After wean- 
ing, each mouse was bred and gave birth 
to one litter which was killed within 24 
All were maintained 
under similar environmental conditions 
and fed an unlimited supply of Purina 
dog chow pellets and tap water. 


PHYSICAL AND CHEMICAL PROPERTIES 
Resistance to Heat and Cold 

Three experiments were performed to 
determine the influence of heat upon the 
agent in mouse milk. In the first, milk 
was obtained from mammary glands by 
using a tissue press and in the second by 
means of a milking device (6). In each 
experiment some of the milk was placed 
in a nonstoppered flask and kept at 61° 
C. for 30 minutes in a water bath. The 
temperature was measured by placing a 
thermometer in the milk. The milk was 
then immersed in an ice-water bath for 
5 minutes and fed to hybrid mice. The 
remainder of the milk, which was kept 
at 10° until the end of the experiment, 
was fed to litter mates of those mice 
receiving the heated milk. Findings in 
both of these experiments were identical 
and are combined as group 1 in table 1. 

In the third investigation, milk pro- 
cured by using a tissue press was heated 
to 66° C. for 30 minutes. The results 
of feeding 0.4 cc. of the heated milk and 
a similar amount of unheated milk to 
litter-mate hybrids is shown in group 2 
of table 1. 
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TABLE l. 


Influence of heat upon the mouse mammary-tumor agent in mouse milk or tumor extract 





Group Substance fed 


Number ———- 
’ develop- | Average : 

Amo N ber |; , 

Amount umber | ing mam-| tumor mice 


fed of mice mary age ying 
tumor tumor 
1 ' Ce. Months Months 
Experimental Milk heated at 61° C. for 30 minutes 0.2 20 0 21 
Control Unheated milk ; a ll ll 9 
9 
Experimental Milk heated at 66° C. for 30 minutes 4 8 0 4 
Control Unheated milk 4 5 5 i) 
3 
Experimental Tumor extract heated at 56° C. for 30 .4 14 0 » 
minutes. 
Do Tumor extract heated at 66° C. for 30 A 15 0 2 
minutes. 
Control Unheated tumor extract. 4 11 il 9 





Three experiments were carried out 
to ascertain the effect of heat upon the 
agent in 20-percent extracts of mouse 
mammary tumors. All these extracts 
were cleared by centrifugation at 
1400 x g for 30 minutes. They were 
kept at 56° or 66° C. for 30 minutes in 
a water bath and after cooling were 
fed to hybrid mice. In each experiment 
litter mates received 0.4 cc. of the heated 
or unheated extract. Since the results 
of the experiments were similar, they 
are combined in group 3 of table 1. 

Data in table 1 reveal that the mam- 
mary-tumor agent was inactivated in 
mouse milk heated to 61° or 66° C. for 
30 minutes and in mamary tumor ex- 
tracts heated to 56° or 66° for 30 
minutes, 

One experiment was performed to test 
for survival of the agent in mouse milk 
kept at 8° C. The milk was obtained 
by using the milking machine. Five 
hybrids fed 0.2 cc. of fresh milk all 
developed tumors at an average age of 
10 months; eight fed 0.4 cc. of milk 
kept for 7 days developed tumors at an 
average age of 9.5 months; and four 
fed 0.4 cc. kept for 14 days developed 
tumors at an average age of 8.5 months. 
Thus the agent survived a temperature 
of 8° for 14 days and in all probability 
will remain active for longer periods. 

These studies indicate that the agent 
is not resistant to heat and in this re- 
spect is similar to known tumor viruses. 
Inactivation by heating at 61° C. for 30 


minutes in mouse milk shows that tem- 
peratures ordinarily used for pasteur- 
ization are sufficient to destroy the 
agent. 


Survival in Glycerin 


Entire tumors were removed and 
placed in a 50-percent glycerin-saline 
(0.9 percent sodium chloride) solution 
and kept at a temperature of 8° C. To 
test for the presence of the agent, the 
tissue was washed 3 times with 0.9 per- 
cent salt solution, ground, made up to 
30-percent suspension with Locke’s 
solution, cleared by centrifugation at 
1,400 x g for 30 minutes, and fed to hy- 
brid mice. Each received 0.4 cc. of the 
cleared suspension. 

Two batches of glycerolated tumors 
were tested. The first was kept for only 
7 days and produced tumors in 3 of 4 
mice at an average age of 6.6 months; 
1 died without tumor when 17 months 
old. Three extracts were prepared 
from the second batch after it was kept 
for 81, 88, and 96 days, respectively. 
A total of 29 hybrids were fed the 3 
extracts; and none developed a mam- 
mary tumor although all lived for 16 
or 17 months. Under these experi- 
mental conditions, the agent was not 
demonstrable after glycerolation for 
81 to 96 days. 

Bittner (7) reported experiments in 
which mouse mammary-tumor extracts 
were exposed to 50-percent glycerin at 
refrigerator temperature for 7 and 9 
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days. When the substances were in- 
jected into mice, tumors arose in some 
animals, 

The observations recorded in this 
paper indicate that the agent did not 
survive exposure to glycerin solutions 
for any appreciable length of time and 
suggest that storage of tumors in 50- 
percent glycerin to accumulate large 
amounts of material is inadvisable. 


Filterability 


Three experiments were completed. 
In each, a 20-percent tumor extract 
was cleared by centrifugation at 1,400 
x g for 30 minutes. Five grams of 512 
Celite Filter Aid was added to each 
100 cc. volume of cleared extract, and 
the suspension was then filtered through 
coarse filter paper covered with a thin 
layer of 501 Celite Filter Aid. Filtra- 
tion was accomplished by using a 
Buechner funnel and suction. This 
filtrate was called the first Celite filtrate. 
Five grams of standard Super-Cel was 
added to each 100 cc. volume of the 
first Celite filtrate, and the suspension 
filtered through coarse filter paper pre- 
coated with standard Super-Cel. This 
filtrate, designated the second Celite 
filtrate, was finally passed through a 
Berkefeld N candle, which was tested 
at the time of filtration and proved to 
be bacteria-tight. 

This procedure gave four fractions 
which could be tested for the presence of 
the agent. These were (1) unfiltered, 


‘tests with Berkefeld filtrates. 


MAMMARY-TUMOR AGENT 145 


cleared tumor extract, (2) first Celite 
filtrate, (3) second Celite filtrate, and 
(4) Berkefeld N filtrate. In two ex- 
periments all four fractions were tested 
in hybrid and strain C mice, and in one 
only the unfiltered tumor extract and 
final Berkefeld filtrate were tested in 
strain C mice. Each mouse was fed 
0.4 cc. The findings (table 2) reveal 
that the agent is capable of passing 
through the pores of Berkefeld N 
candles. 

The number of mice in each test group 
was small, and the differences between 
the various group responses were within 
the limits of chance variation. It is of 
interest, however, that the lowest tumor 
frequencies occurred in two of the three 
This fact 
may indicate that some of the active 
principle was lost on passage through 
Berkefeld filters as is frequently the case 
with filterable viruses. There was no 
indication of an appreciable loss in ac- 
tivity owing to Celite filtration, a fact 
which may prove of considerable impor- 
tance in the development of techniques 
for purification of the active principle. 

Bittner (7) passed lactating mam- 
mary glands from strain A mice through 
a tissue press, filtered the minced ma- 
terial through fine-wire cloth, diluted 
the filtrate with an equal amount of 
physiologic salt solution, and filtered 
through a Seitz filter. The final filtrate 
was injected into mice and produced 
tumors in some of the animals. 


TABLE 2.—-Experiments to asceriain filierabiliiy of agent in mammary-tumor extracts 








ys a Average 

a ; develop- | tumor | Average | *8° of 

oat Ws Substance fed Deri~ation of test animals eee “aa _ tumor éyine 
tumor | Gence agt without 

tumor 

Percent | Months | Months 
1-2 Unfiltered tumor extract IXC3H hybrid 7 j 71 10 23 
1-2 do Z Strain C_-_-.-. 16 13 81 12 20 
3 do do ; 13 i) 70 13 20 
1-2 First Celite filtrate IXC3H hybrid. ) 7 77 10 18 
1-2 do Strain C 12 7 58 12 22 
1-2 Second Celite filtrate 1XC3H hybrid 7 6 86 9 23 
1-2 a... Strain C 14 11 79 10 19 
1-2 Berkefeld N filtrate 1XC3H hybrid 16 6 38 10 22 
1-2 do___. Strain C 18 13 72 13 19 
3 do _..do 17 6 35 12 19 





! Each mouse was fed 0.4 cc. 
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The present investigations confirm 
Bittner’s observation concerning the fil- 
terability of the agent and show that 
infectious filtrates may also be procured 
from extracts of mammary tumors. 
The mouse mammary-tumor agent is 
similar to known neoplastic viruses in 
this respect. 


BIOLOGIC PROPERTIES 
Infectivity Following Oral or Intraperitoneal 
Administration 

An experiment was performed in 
which a 25-percent tumor extract in 
saline, cleared by centrifugation at 
18,000 x g for 30 minutes, was fed or 
injected intraperitoneally into litter- 
mate hybrids 9 to 10 days old. Forty 
mice were divided equally between the 
two groups, and each received 0.1 cc. of 
the extract. Sixteen (80 percent) of 
those receiving the intraperitoneal in- 
jection developed mammary tumor at 
an average age of 9.6 months; the re- 
maining 4 are living and free of tumor. 
Only 1 of those fed the extract developed 
a tumor, when 7 months of age, 1 died 
when 10 months old, and the remaining 
18 are living and free of tumor. All 
living mice were 17 months of age on 
July 24, 1944. This is the only experi- 
ment recorded here which is in progress 
but is included because of the signifi- 
cance of the findings. Since in all other 
experiments reported herein the ma- 
terials were administered orally, the re- 
sults are to be interpreted only on this 
basis. A comparison of the outcome of 
a number of investigations carried out 
during the past few years in which fresh 
tumor extracts were forcibly fed to hy- 
brids 7 to 14 days old shows that the 
extracts produced wide variations in re- 
sponse. This difference was a serious 
obstacle in attempts to establish a dose- 
response relationship between the ad- 
ministration of the extracts and tumor 
occurrence. It is hoped that the greater 
susceptibility of the hybrids to intra- 
peritoneal injections may prove useful 
in further efforts along these lines. 


Presence of the Agent in Inbred Strains 


Two well-known high-mammary- 
tumor strains of inbred mice, strains 
C3H and A (8), were available for this 
study. Litters of hybrids less than 24 
hours old were divided equally between 
strains C3H or A foster mothers and 
permitted to nurse during the entire lac- 


tation period. Twenty-seven nursed 
strain C3H, and twenty-six nursed 
strain A foster mothers. All developed 


mammary cancer; those fostered by 
strain C3H females developed tumor at 
an average age of 8.3 months, and those 
fostered by strain A females did so at 
an average age of 8.6 months. 

The primary object of this experiment 
was to ascertain whether the hybrids are 
satisfactory test animals for the agent 
in milk of the strain A colony main- 
tained in this laboratory. Although the 
outcome indicates that the hybrids may 
be used for this purpose, and if need be 
milk and tumor extracts from strain A 
mice may be employed as sources of the 
agent, it does not mean that the milk of 
the two strains contains equal amounts 
of the agent. Such evidence can be ob- 
tained only by permitting the hybrids to 
nurse for shorter periods or by the ad- 
ministration of measured amounts of 
milk. Another study (9) in which the 
reciprocal breeding and foster nursing 
was carried out between strain C3H of 
the subline maintained at the National 
Cancer Institute and strain A also failed 
to produce conclusive evidence of a dif- 
ference in the amount of agent in their 
milk. 

Ability“of the Agent to Produce Tumors in Mice of Unknown 
Ancestry 

Virtually all experimental work with 
the mammary-tumor agent has been 
done with inbred strains of mice or their 
derivatives. To find out whether ordi- 
nary market mice are susceptible to the 
agent in the milk of an inbred strain, 
an experiment was performed in which 
albino mice of unknown ancestry were 
foster-nursed by strain C3H females. 
Within 24 hours after a market mouse 
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had cast her litter, half was given to a 
strain C3H foster mother for the entire 
nursing period, Each fostered or unfos- 
tered “market” mouse gave birth to one 
litter which was killed within 24 hours 
after birth. Eighteen nursed their 
mothers, and none developed a mam- 
mary tumor. The average age at death 
was 18.6 months. Of 17 mice fostered 
by strain C3H females, 14, or 82 per- 
cent, developed mammary tumor at an 
average age of 11.3 months. 

The mammary-tumor agent in the 
milk of strain C3H females produced tu- 
mors in mice that were not inbred. This 
work was started with the intention of 
continued breeding of the market mice 
to note whether the agent was transmit- 
ted through successive generations. 
The pre yject was abandoned because the 
availability of inbred strains of mice 
makes it impossible to state that mice ob- 
tained from dealers are not derived 
from the inbred lines. A better ap- 
proach to the problem lies in the use of 
wild mice. Efforts to raise wild mice 
have been unsuccessful in this labora- 
tory but are still in progress. 

Neutralization by Antiserums 

Two immune serums were prepared, 
by intraperitoneal injections into rab- 
bits, of materials containing the mouse 
mammary-tumor agent. The first, im- 
mune serum I, was from a rabbit which 
received two injections, 1 week apart, 
of 3 cc. of a 20-percent tumor extract 
cleared by centrifugation at 1,400 x ¢g 
for 30 minutes. Fresh extract was used 
for each injection. Four weeks after 
the first injection, blood was withdrawn 
by cardiac puncture while the rabbit 
was under ether anesthesia. The serum 
was separated from the clotted blood by 
centrifugation and used without fur- 
ther treatment. 

The second serum, immune serum IT, 
was similarly prepared, except that the 
rabbit received injections of a partially 
purified fraction which was five times 
as concentrated as the cleared tumor ex- 


tract with respect to the material sepa- 
rated by the ultracentrifuge. This 
fraction was obtained by differential 
centrifugation and was sedimentable by 
centrifugation at 35,000 x g@ for 1 hour 
but remained in the supernatant fluid 
after being resuspended and cleared by 
centrifugation at 6,000 x g for 15 
minutes, 

Control serums were procured from a 
normal rabbit and a rabbit bearing a 
4-week-old intratesticular transplant of 
the Brown-Pearce carcinoma. The lat- 
ter serum was called Brown-Pearce 
antiserum. 

A 20-percent tumor extract cleared by 
centrifugation at 1,400 x g for 30 min- 


utes was used to test the serums for 


neutralizing properties. The serum- 
agent mixtures stood at room tempera- 
ture (25°-26° C.) for 2 hours, after 
which they were fed to hybrids. 

Two experiments were performed: 
In the first, a tumor extract was added 
to an equal volume of normal rabbit 
serum or immune serum I, and 0.4 ce. 
of the mixture was fed to hybrids. In 
the second, both a diluted and an un- 
diluted tumor extract were set up with 
equal volumes of the following serums: 
(1) Undiluted normal rabbit serum: 
(2) undiluted Brown-Pearce anti- 
serum: (3) undiluted immune serum 
II; and (4) diluted immune serum II. 
All dilutions were made with 0.9-per- 
cent saline solution. The mixtures 
were fed to hybrids in 0.2-cc. amounts. 
Details of the dilutions used are given 
in table 3, which also summarizes the 
results of both experiments. 

The mixtures of immune serum and 
tumor extract produced a mammary 
tumor in only 1 of 36 hybrids; whereas 
the mixtures of normal serum and tu- 
mor extract induced tumors in 10 of 
15 animals, and the Brown-Pearce an- 
tiserum and tumor extract mixtures 
did so in 9 of 14 mice. 

The ability of the immune rabbit 
serums to confer passive immunity was 
tested in 2 experiments. Twenty-one 
hybrid mice were used in the first. 
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When 6-8 days old, 9 received an intra- controls also developed the same type 
peritoneal injection of 0.1 cc. immune of tumor at an average age of 9.5 
serum I, and 2 others received 0.1 cc. months. 

of the normal serum. All injections In the second study, the same proce- 
were repeated the next day. The fol- dure was followed. Twenty-two hy- 
lowing day all 11 mice, together with 10 brids were given injections of immune 
litter mates, were each fed 0.2 cc. of a serum I, and fourteen received immune 
25-percent mammary-tumor extract serum ITI. Nineteen strain C mice 
cleared by centrifuging at 6,000 x g for served as untreated controls for in- 
15 minutes. None that had received fectivity of a 25-percent tumor extract 
injections of the immune serum de- cleared by centrifuging at 18,000 x g for 
veloped a tumor, and all lived to be 17 — 30 minutes. Twelve (63 percent) of 
months of age. Both mice given in- the strain C mice developed mammary 
jections of normal serum developed tumors at an average age of 13 months 
mammary tumors at the ages of 6 and whereas none of the hybrids did so, and 
8 months. Eight of the ten untreated all lived to be 18 months of age. 


TABLE 3.—Experiments to ascertain neutralization in vitro of the agent by rabbit antiserums 








Number Ba 
Experiment ude ees Amount Number | developing| Average aoe 
No Mixture fed Dilution | fec of mice | mammary | tumor age a. 
tamer tumor 
Ce Months Months 
jl umor extract _ 0 } 
1 ; and 0.4 ‘ 5 S 21 
{Normal rabbit serum o | 
Tumor extract . 0 
1 and | .4 7 0 21 
[Immune serum I 2 0 | 
Tumor extract 0 
2 and | 2 8 0 » 
Immune serum II 0 | 
{Tumor extract 0 } 
2 and 2 : 0 *) 
|Immune serum II 3 1:4 | 
Tumor extract . 1:2 
2 ‘ and | 2 s 1 10 ») 
{Immune serum II 1:4 | 
Tumor extract 1:2 
2 ‘ and | 2 6 0 2 
{Immune serum II ? ‘ 0 | 
{Tumor extract 0 } 
2 and 2 6 3 s 20 
|Normal rabbit serum 0 | 
| Tumor extract 1:2 | 
2 and 2 3 2 13 uD 
|Normal rabbit serum 0 | 
\7 uMmor extract 0 | 
2 ‘ and 2 . 6 10 2 
| Brown-Pearce anti-serum 0 | 
| Tumor Sc cendenasan 1:2 | : 
2 and 2 6 3 10 * 
|Brown-Pearce anti-serum._- 0 | 

10 represents undiluted material. 

? Prepared by using a cleared 20-percent tumor extract. 

2 Prepared by using a partially purified and concentrated fraction. 

In this series of investigations the trated agent obtained from tumor ex- 
immune serums were able to neutralize tracts by means of the ultracentrifuge 
the mammary-tumor agent both in elicited antibodies when administered 
vitro and in vivo. This result indicates to rabbits. The ability to produce neu- 
that the extracts of mammary tumors tralizing antibodies is a characteristic 


and the partially purified and concen- of known tumor viruses (10). 
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SUMMARY 


Studies on the characteristics of the 
mouse mammary-tumor agent yielded 
the following results when strain C or 
IxC3H hybrid females 7 to 14 days 
old were used as test animals for deter- 
mining the presence of the agent, and 
strain C3H mice were used as its source. 

The agent was inactivated in mouse 
milk kept at 61° or 66° C. for 30 min- 
utes and in mammary-tumor extracts 
kept at 56° or 66° for 30 minutes; it 
survived for 2 weeks in mouse milk kept 
at 8°. 

The agent was not demonstrable in 
whole tumors kept for 80 days in a 50- 
percent saline-glycerin solution at 8°. 


It was filterable through Berkefeld N 
filters. 

A tumor extract administered intra- 
peritoneally or orally to litter mates in- 
duced many tumors in those receiving 
the agent intraperitoneally and few tu- 
mors in those forcibly fed. 

Mice of unknown ancestry developed 
mammary tumors after sucking strain 
C3H foster mothers. The agent evoked 
tumors in mice which were not derived 
from inbred strains. 

Crude or partially purified and con- 
centrated mouse-tumor extracts elicited 
neutralizing antibodies when injected 
intraperitoneally into rabbits. These 
antibodies neutralized the agent in vitro 
and in vivo. 
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